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PREFACE. 


This  Treatise  on  House  Sanitation  is  published  for  the  follow- 
ing reasons : — 

In  1876  a  series  of  Lectures,  embracing  the  treatment  of  the 
Dwelling,  was  delivered  by  Mr.  Bailey-Denton  before  the  School 
of  Military  Engineering  at  Chatham,  and  published  under  the 
title  of  "  Sanitary  Engineering ;  "  and  that  work  having  met  with 
a  ready  sale  its  publication  is  now  exhausted. 

Since  the  delivery  of  those  Lectures  a  more  general  interest  in 
Sanitation  than  then  existed  has  grown  up,  and  the  desire  to 
occupy  houses  of  a  healthful  character  being  strongly  manifested, 
has  called  forth  many  advisers  and  a  multitude  of  devices  to 
meet  that  desire.  Under  these  circumstances  the  Editor,  with 
Mr.  Bailey-Denton's  consent,  has  determined  to  issue,  in  a  much 
cheaper  form  than  the  Lectures  referred  to,  a  Revised  Edition  of 
such  portions  as  treated  of  "  The  Dwelling,"  and  its  Sanitary 
requirements. 

There  has  long  been  felt  the  want  of  a  Hand  Book  which — 
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freed  as  much  as  possible  from  trade  technicalities — should  be  so 
comprehensive  in  its  character  as  to  enable  the  house-owner  and 
the  house-holder,  as  well  as  the  architect  and'  builder,  to  under- 
stand and  appreciate  the  arrangements  and  appliances  which  will 
best  secure  that  healthy  condition  which  is  daily  becoming  more 
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and  more  a  sine  qua  non  in  dwellings  of  all  descriplions,  the 
recognidon  of  which  has,  in  fact,  called  into  existence  the  "sanitary 
engineer  "  of  the  present  day.  It  is  with  a  view  of  supplying  this 
want  that  the  Editor  has  undertaken  not  only  to  reprint  from  the 
original  text  of  "  Sanitary  Engineering,"  1877,  those  portions  bear- 
ing on  "  The  Dwelling,"  but  to  describe  and  pourtray  in  a  classi- 
fied manner  those  arrangements  and  appliances  or  devices  which 
have  been  brought  before  the  public  since  those  Lectures  were  given. 
He  begs  that  it  may  be  borne-  in  mind  that  in  the  following  pages 
the  term  "  Dwelling "  means  every  structure  occupied  by  human 
beings,  whether  it  be  a  palace,  mansion,  cottage,  factor}"-,  or  shop, 
and  that  in  each  the  same  obligations  for  the  preservation  of 
health  exist. 

"  The  Dwelling"  forms  the  imit  of  Towns  and  Villages,  and  in 
that  character  and  position  it  suffers  not  only  the  drawbacks 
necessarily  attending  all  habitations  in  which  human  beings  are 
collected,  but  the  evils  arising  from  combined  sewerage,  made 
obligatory  by  the  Public  Health  Acts.  By  the  construction  of 
common  sewers,  a  means  of  conveying  infection  and  gases  from 
one  part  of  a  district  to  another  has  been  afforded,  and  individual 
injury  has  followed  a  general  benefit.  To  disconnect  the  Dwelling 
from  the  common  sewer  in  a  manner  to  secure  an  outlet  for  its 
liquid  refuse,  while  excluding  the  emanations  from  the  sewer,  is  a 
matter  of  necessity. 

To  render  this  treatise  as  practically  useful  as  possible,  its 
contents  have  been  divided  into  two  parts,  entided  "  Air  "  and 
"Water."  To  the  pure  or  impure  condition  of  these  essential 
elements  of  life  is  to  be  traced  the  freedom  from  or  the  existence 
of  those  zymotic  or  ferment  diseases  which,  Hygienic  Statistics 
show,  constitute  more  than  half  the  ailments  to  which  humanity 
is  subject. 

It  is  only  within  very  recent  years  that  we  have  realized  the 
fact  that  in  the  most  costly  houses  of  the  Metropolis  and  other 


large  cities,  where  vast  suras  of  money  have  been  spent  m  decorat- 
ing and  beautifying  them  and  in  securing  comfort  and  luxury  to 
their  occupiers,  and  that  in  the  spacious  mansions  of  our  rural 
districts,  where  nature  herself  contributes  so  much  to  health,  the 
very  first  conditions  essential  to  pure  air  and  pure  water  have  m 
the  majority  of  instances  been  neglected.  In  many  of  these  high- 
class  dwellings,  in  fact,  the  domestics  exist  in  ill-ventilated  base- 
ments and  attics,  in  which  the  "air"  is  often  as  corrupt  as  air 
can  well  be,  whilst  all  the  inmates  alike— principals  and  domestics 
—consume  "  water  "  obtained  from  wells  or  tanks,  and  cisterns, 
Avhich  impart  to  it  injurious  qualities. 

If  this  is  the  condition  of  the  dwellings  of  the  higher  and  wealthy 
classes,  the  sanitary  state  of  the  houses  of  the  middle  and  lower 
classes,  though  in  many  respects  not  worse,  is  certainly  not  better. 
If  examined,  they  would  be  found  faulty  in  some  particulars, 
though  the  evils  which  really  exist  are  often  greatly  exaggerated. 
With  house  holders  whose  incomes  govern  .the  rent  they  pay  for 
their  dwellings,— which  is  necessarily  greatly  the  case  with  the 
middle  and  lower  classes,— little  or  no  thought  is  given  to  sanitary 
arrangements,  nor  is  any  examination  into  their  sanitary  condition 
ever  made.  In  a  majority  of  instances  where  defects  would  be 
discovered  on  examination,  a  very  small  outlay  would  suffice  to 
effect  the  necessary  rectification,  whilst  the  outlay  would  be 
speedily  recovered  in  the  saving  of  medical  advice. 

Fortunately  for  the  people  of  this  country  the  advance  recently 
made  in  sanitary  science  has  led  to  the  recognition  of  the  value — 
the  necessity — of  a  periodical  examination  of  all  dwellings  by 
properly  qualified  persons,  and  this  will  inevitably  lead  to  the 
compulsory  rectificat^ion  of  evils,  the  removal  of  which,  unfor- 
tunately, now  remains  optional. 

In  designating  the  present  treatise  a  "  Hand  Book,"  the 
Editor  is  perfectly  cognizant  of  the  fact  that  the  term  is  too  wide 
to  be  correctly  applied  to  it.    To  treat  of  all  points  bearing  upon 
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healthy  homes,  a  hajid  book  should  not  only  include  the  duties  of 
the  sanitary  engineer,  the  architect,  and  the  builder,  but  it  should 
deal  with  medical  and  legal  considerations,  extremely  interesting  to 
both  landlord  and  tenant,  but  which  would  extend  the  work  far 
beyond  the  limits  now  contemplated.   They  are,  therefore,  omitted. 

An  important  object  to  remember  in  sanitation  is  the  aptitude 
of  all  persons  to  run  to  extremes  of  prevention  and  remedy, 
whenever  their  minds  are  aroused  to  personal  danger.  It  is 
hardly  necessary  to  say  that  such  extremes  should  be  avoided, 
for  all  expenditure  not  absolutely  necessary  must,  sooner  or  later, 
have  a  deterring  effect,  and  operate  disadvantageously  to  a  science 
recognised  as  one  of  the  most  important  of  'the  day. 
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CHAPTER  I. 

I.  Am  IN  Relation  to  the  Dwelling. — It  is  well  under- 
stood by  sanitarians  that  in  order  to  secure  the  best  hygienic 
conditions  in  every  dwelling,  the  primary  object  to  be  aimed  at  is 
to  distribute  throughout  both  the  living  and  sleeping  apartments 
the  purest  air  obtainable  from  without,  and  by  the  best  known 
internal  arrangements  to  counteract,  as  far  as  is  possible,  (i)  the 
vitiation  of  air  caused  by,  and  inseparable  from,  the  respiration  of 
its  inmates;  (2)  the  existence  of  corrupt  organic  matter  consequent 
on  most  of  the  diseases  which  befall  humanity ;  (3)  the  dissemination 
of  the  products  of  imperfect  combustion  of  materials  used  for 
lighting  and  warming ;  (4)  the  dispersion  of  the  solid  particles  and 
offensive  gases  evolved  from  trade  processes,  and  in  the  preparation 
of  food;  and  (5)  the  decay  and  putrefaction  of  both  vegetable 
and  animal  matter  of  which  that  food  consists. 

Upon  the  careful  admission  and  circulation  of  fresh  air  to 
correct  the  impurities  generated  in  the  dwelling, — if  the  arrange- 
ments be  associated  with  an  ample  supply  of  unexceptionable  water, 
— will  depend  its  character  as  a  healthy  home,  for  it  will  only  be  by 
the  maintenance  of  pure  air  and  pure  water  that  the  old,  the 
young  and  the  weak  will  be  relieved  of  many  of  those  maladies  to 
which  they  are  specially  sensitive. 

B 


2 


AIR  CHEMICALLY  AND  PHYSICALLY  CONSIDERED.  [aIR. 


As  the  benefits  of  house  sanitation  become  more  fully  recognised, 
the  rentmg  value  of  dwellings  will  necessarily  depend  upon  the 
arrangements  made  to  secure  a  healthy  condition.  Thus  it  will 
become  a  matter  of  increasing  importance  to  architects,  surveyors, 
and  builders,  when  designing  and  constructing  dwellings,  and  in 
a  greater  degree  to  owners  and  lessees,  who  have  to  let  them,  that 
they  should  possess  such  appliances  as  will  render  them  acceptable 
to  tenants,  who  will  become  more  and  more  alive  every  day  to 
what  their  landords  are  bound  to  supply. 

II.  Constituents  of  Normal  Air.— Air  in  its  normal  con- 
dition consists  of  about  four-fifths  by  volume  of  nitrogen  and 
one-fifth  of  oxygen  mixed  with  a  very  small  proportion  of  car- 
bonic acid.*  Speaking  more  precisely,  it  has  been  ascertained 
by  the  valuable  researches  of  Dr.  Angus  Smith,  that  very  pure 
air  contains  not  less  than  20*99  per  cent,  of  oxygen,  and  not  more 
than  '03  of  carbonic  acid. 

[Weight  of  Air. 

100  cubic  inches  weigh  (Prout)  ..    3i"ii7  grains. 

(Bist  and  Arago)         ...  3i*074  ,, 

(Dumas  and  Bousingault)  31 '086 

(Regnault)    33"935  „ 

Mean  of  four  observations...    31 '053 

Taking  the  mean  of  these  experiments,  i  cubic  foot  weighs 
536-6  grains.  Air  is  therefore  14*45  heavier  than  hydrogen,  and 
816  times  lighter  than  water. 

The  average  pressure  of  the  air  on  the  surface  of  the  earth 
and  at  the  level  of  the  ocean  is  equal  to  15  lbs.  on  the  square 
inch,  that  is,  the  air  is  capable  of  supporting  a  column  of  mercury 
of  30  inches,  or  a  column  of  water  of  34  feet. — Meymott  Tidy.] 

III.  Of  Foreign  Polluting  Matters. — Excluding  from 
consideration  the  watery  vapour  that  exists  to  the  extent  of  40  per 


*  Nitrogen  is  a  gas  devoid  of  either  colour,  taste,  or  smell.  It  acts  chiefly 
in  diluting  the  oxygen.  In  pure  nitrogen  animals  cease  to  live.  Its  weight  is 
a  thirty-sixth  part  less  than  common  air. 

Oxygen  is  without  either  taste  or  smell.  Of  all  elements  it  is  most  abundant, 
forming  eight-ninths  by  weight  of  the  water,  one-fifth  by  volume  of  the  air,  and 
one-third  of  the  solid  matter  of  the  globe.  Though  absolutely  necessary  to  the 
life  of  man  and  animals  it  is  too  strong  to  be  breathed  for  any  length  of  time 
in  a  pure  condition  without  fatal  results.  Oxygen  is  one-ninth  part  heavier  than 
common  air. 

Carbonic  acid  is  a  gas  which,  unlike  oxygen  and  hydrogen,  possesses  a 
perceptibly  sour  taste.  It  is  described  as  a  compound  of  carbon  and  oxygen, 
and  is  the  result  of  the  combustion  of  carbon.  It  was  called  "fixed  air"  by 
our  older  chemists,  and  to  coal-miners  and  well-sinkers  it  is  known  as  "choke 
damp."  For  plants  it  is  essential,  being  the  source  from  which  the  carbon  of 
their  tissues  is  derived. 
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cent,  of  saturation  in  the  driest,  to  complete  saturation  in  the 
dampest  air,  and  which  may  therefore  be  considered,  though  varying 
in  quantity,  to  be  almost  a  normal  constituent,  the  foreign  matters 
to  which  I  have  before  referred,  and  which  impart  to  the  air 
those  impurities  which  vitiate  its  normal  condition,  are — (i)  the 
gases  which  rise  in  the  shape  of  ammonia  from  organic  matters, 
as  decay  and  putrefaction  take  place;  (2)  those  acids  or  gases 
which  emanate  from  inorganic  matters  in  their  natural  state,  or 
when  brought  into  use  by  man ;  and  (3)  mechanically  suspended 
impurities,  i.e.,  those  substances  consisting  of  particles  of  the  soil 
or  dust,  the  pollen  and  seeds  of  plants,  decaying  tissue,  &c,, 
which  float  in  the  air,  are  of  minute  size,  and  may  be  partially 
seen  by  the  eye  in  any  ray  of  light.  It  is  these  suspended  and 
floating  particles  that  have  been  shown  by  Professor  Tyndall  to 
reflect  and  scatter  light  itself 

The  amount  of  watery  vapour  which  in  this  country  is  con- 
sidered most  congenial  to  health,  is  from  65  to  75  per  cent,  of 
saturation.  [More  than  this  checks  evaporation  from  the  body, 
while  less  causes  too  great  evaporation,  parching  the  mouth  and 
drying  the  skin.  It  has  been  noted  that  in  certain  places, 
remarkable  as  health  resorts,  the  degree  of  saturation  is  singularly 
uniform. — Meymott  Tidy.] 

IV.  Of  Counteracting  Agencies. — These  deteriorating 
foreign  materials,  however,  are  counterbalanced  by  natural  agencies, 
winds  and  currents,  diffusion,  oxidation,  and  the  very  powerful 
influences  of  vegetation.  Beyond  these,  there  is  the  action  of  that 
substance  known  as  ozone.  This  valuable  element  is  described  by 
Dr.  deChaumont  as  a  modification  of  oxygen  with  which  more  than 
the  usual  number  of  atoms  are  brought  together.  "  Ozone,"  he 
says  "  oxidizes  _  (burns,  in  fact)  organic  matter  in  great  rapidity, 
much  more  rapidly,  in  fact,  than  ordinary  oxygen.  In  this  way  it 
may  be  considered  the  great  scavenger  of  the  air."  Dr.  Cornelius 
Fox  describes  the  sources  of  ozone  to  be  "the  oxidation  of 
metals,  the  decomposition  of  rocks,  the  germination  of  seeds,  the 
growth  of  plants,  the  falling  of  dew,  rain,  hail,  and  snow,  the 
collison  _  between  air  currents  of  diiferent  degrees  of  humidity 
proceeding  from  opposite  quarters  with  one  another,  or  with  the 
the  earth ;  the  evaporation  which  is  continually  proceeding  from 
saline  fluids,  such  as  oceans,  seas,  and  lakes;  the  dashing  and 
splashing,  the  smashing  and  crashing  of  the  restless  waves  on 
the  rocky  coast;"  which,  he  says,  "are  all  concerned  in  the 
simultaneous  development  of  electricity  and  ozone."  This 
description  expresses  not  only  the  sources  of  ozone,  but  includes, 
in  fact,  the  several  agencies  which  counteract  air  pollution. 

[More  ozone  is  found  at  high  than  at  low  levels.— Mey  mo  ft 
Tidy.] 
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y.  Attainable  Standard  of  Air.— According  to  Dr.  Angus 
Smith  a  favourable,  though  not  the  purest  specimen  of  air,  may 
be  taken  to  contain  by  weight  of  oxygen  20-96,  of  nitrogen 
79-00,  and  of  carbonic  acid  -04  per  cent.,  with  a  varying  quantity 
of  watery  vapour. 

We  may  take  these  figures  as  representing  a  fair  attainable 
standard  of  pure  air,  and  may  therefore  conclude  that  directly 
these  proportions  are  altered  by  an  increase  of  carbonic  acid  and 
a  mixture  of  other  foreign  matters  involving  a  reduction  of  oxygen 
the  quality  of  the  air  is  lowered. 

[Air  in  fact  "with  a  very  small  loss  of  oxygen  is  percep- 
tibly deteriorated,  if  the  place  ■  of  the  oxygen  is  occupied  with 
•carbonic  acid  and  exhalations  from  the  person,  although  we  are 
not  able  to  say  how  far  this  is  the  case  when  carbonic  acid  alone 
is  substituted  for  this  small  amount  of  oxygen," — Angus  Smith.'] 

The  diminution  of  oxygen  is,  however,  very  sensibly  felt  directly 
its  quantity  is  reduced  as  low  as  20-75  P^^  cent. 

VI.  Quantity  of  Air  Respired  by  Human  Beings. — To 
understand  to  what  extent  the  loss  of  oxygen,  and  an  excess  of 
carbonic  acid  mixed  with  deleterious  foreign  substances  may 
etfect  the  health  of  human  beings,  it  should  be  understood  that 
Professor  Huxley  states  that  in  respiration  about  350  cubic  feet 
of  air  pass  through  the  lungs  of  each  individual  per  diem.  '*  In 
passing  through  the  lungs  the  air  would  lose  from  4  to  6  per 
cent,  of  oxygen,  arid  gain  4  to  5  per  cent,  of  carbonic  acid. 

"  During  24  hours  there  would  be  consumed  about  10,000 
grains  oxygen,  and  produced  about  12,000  grains  carbonic  acid 
corresponding  to  3,300  grains  of  carbon.  During  the  same  time 
about  5,000  grains  or  9  ozs.  of  water  would  be  exhaled  by  the 
lungs. 

"In  24  hours  such  a  body  would  vitiate  1,750  cubic  feet  of 
pure  air,  to  the  extent  of  i  per  cent,  or  17,500  cubic  feet  of  pure 
air  to  the  extent  of  i  per  1,000.  Taking  the  amount  of  carbonic 
acid  in  the  atmosphere  at  three  parts,  and  in  expired  470  parts 
in  10,000,  such  a  body  would  require  a  supply  per  diem  of  more 
than  23,000  cubic  feet  of  ordinary  air,  in  order  that  the  surround- 
ing atmosphere  might  not  contain  more  than  i  per  1,000  oi 
carbonic  acid  (when  air  is  vitiated  from  animal  sources  with 
carbonic  acid  to  more  than  i  per  1,000  the  concomitant  impu- 
rities become  appreciable  to  the  nose).  A  man  of  the  weight 
mentioned  (11  stone),  ought  therefore  to  have  at  least  800  cubic 
feet  of  well  ventilated  space." 

Upon  this  subject  Dr.  de  Chaumont  says  that  each  adult  con- 
sumes in  food  from  3,500  to  4,000  grains  of  carbon  in  24  hours, 
i.e.,  from  8  to  9  ozs.,  and  he  exhales  as  carbonic  acid  about  the 
same  quantity,  which  is  equal  to  17  cubic  feet  of  the  gas  to 
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vitiate  the  atmosphere.  In  ad(;iition  to  this  gas,  a  quantity  of 
watery  vapour  is  given  off  from  the  person  varying  according  to 
circumstances  from  6  to  27  ozs.;  and  Dr.  de  Chaumont  adds,  "  an 
assemblage  of  2,000  persons  will  give  off  in  two  hours  (in  vapour) 
17  gallons  of  water,  and  nearly  as  much  carbon  as  would  be 
extracted  from  a  cwt.  of  coals." 

Dr.  Parkes  says  in  his  "  Practical  Hygiene  "  that  "  an  adult 
man  in  ordinary  work  gives  off  in  24  hours  from  12  to  16  cubic 
feet  of  carbonic  acid  gas,  and  also  emits  an  undetermined  quantity 
of  carbonic  acid  gas  by  the  skin." 

VIL  Of  Oxygen. — The  mean  quantity  of  oxygen  in  the 
extremely  pure  air  at  the  sea  shore,  and  on  the  heaths  of  Scotland, 
is  represented  to  be  20-999  per  cent.,  while  the  mean  of  the  low 
marshy  places  (Scotland)  is  20*922." — Angus  SmiiJi\.  From  these 
figures  it  will  be  seen  that  the  better  air  of  the  sea  shore  and  the 
heaths  contain  '039  per  cent,  of  oxygen  above  that  expressed  in 
the  standard  of  purity  which  I  have  quoted,  while  the  worse  air 
of  the  marshes  contain  '038  per  cent,  below  it.  It  will  be 
observed,  however,  that  although  the  sanitary  conditions  of  the  two 
are  very  different,  that  difference  is  limited  to  '077  of  one  part  in 
100  parts,  or,  in  other  words,  to  rather  less  that  7|  parts  in  10,000 
parts. 

To  show  how  the  loss  of  a  small  portion  of  oxygen  indicates 
a  very  great  reduction  of  salubrity,  the  quantities  of  oxygen 
collected  from  various  authorities,  which  have  been  found  to  exist 
in  different  places  under  different  conditions  are  appended  : — 

Oxygen. — Standard  20-96  Per  Cent. 

Oxygen, 
per  cent. 

Front  of  Glasgow  Exchange   20-895 

Kirk  Street,  Glasgow   20*875 

Regent  Street,  London,  November...  20*865 

Hackney    20*835 

Chelsea   20*810 

Middle  of  Hyde  Park   21  *oo5 

Metropolitan  Railway,  Underground  20*600 

Sitting  Room   20-890 

Small  Room,  petroleum  lamp  burning  20-840 

Pit  of  Theatre. .        ...       ...       ...  20-740 

Gallery  of  Theatre  '   ...  20  -620 

yilL  Of  Carbonic  Acid. — An  increase  of  a  very  minute  pro- 
portion of  carbonic  acid  in  the  air,  with  a  corresponding  loss  of 
oxygen,  is  quickly  perceptible  to  the  senses,  although  the  diffe- 
rence (if  accurately  ascertained  by  analysis)'  will  be  indicated  by 
figures  in  the  second  or  even  third  place  of  decimals. 


More  or  less  than 
attainable  Standard, 
per  cent. 

•065  less. 
■085  „ 

•095  M 

•125  „ 
.'150  „ 
*045  more. 
■360  less. 
•070  „ 
•120  „ 
•220  „ 
•330  „ 
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["  Some  people  will  probably  inquire  why  we  should  give  so 
much  attention  to  such  minute  quantities— between  20-980  and 
20-999 — thinking  these  small  differences  can  in  no  way  affect  us. 
A  little  more  or  less  oxygen  might  not  effect  us  :  but  supposing 
its  place  occupied  by  hurtful  matter,  we  must  not  look  on  the 
amount  as  too  small.  Subtracting  0*980  from  0*999,  we  have  a 
difference  of  190  in  a  million.  In  a  gallon  of  water  there  are 
70,000  grains  ;  let  us  put  into  it  an  impurity  at  the  rate  of  190  in 
1,000,000,  it  amounts  to  13-3  grains  in  a  gallon,  or  0-19  grammes 
in  a  litre.  This  amount  would  be  considered  enormous  if  it  con- 
s.'sted  of  putrifying  matter,  or  any  organic  matter  usually  found  in 
waters  ;  but  we  'drink  only  a  comparatively  small  quantity  of  water, 
and  the  whole  13  grains  would  not  be  swallowed  in  a  day,  whereas 
we  take  into  our  lungs  from  1,000  to  2,000  gallons  of  air  daily. 
The  detection  of  impurities  in  the  air  is  therefore  of  the  utmost 
importance,  and  it  is  only  by  the  finest  methods  that  they  can  be 
ascertained  in  small  quantities  of  air,  even  when  present  in  such 
quantity  as  to  prove  deleterious  to  health." — Angus  Smith.'] 

It  is  needless  to  point  out  that  the  amount  of  carbonic  acid 
associated  with  contaminating  foreign  matters  wijl  necessarily  be 
found  to  increase,  and  the  amount  of  oxygen  to  decrease  in  a 
greater  degree  in  "  confined  spaces  "  than  in  the  open  country. 
I  am  not  at  this  moment  treating  of  the  air  of  rooms  within 
dwellings,  with  which  the  architect  has  more  to  do  than  the 
engineer,  but  of  the  outside  atmosphere  upon  which  the  inmates 
of  all  dwellings  depend  as  a  source  from  which  to  dilute  the  inner 
air  when  it  has  become  polluted  by  the  respiration  and  com- 
bustion constantly  going  on  in  all  human  habitations,  mills, 
factories,  &c.,  and  in  the  stables,  outbuildings,  &c.,  occupied  by 
domestic  animals.  With  this  outside  atmosphere  the  engineer  has 
everything  to  do. 

That  we  may,  however,  appreciate  the  differences  between 
the  attainable  standard  of  pure  air,  which  I  have  quoted,  and  the 
fairly  good  atmosphere  of  open  spaces,  and  compare  both  with 
the  air  of  confined  inner  spaces,  I  will  give  the  quantity  of 
-carbonic  acid  as  it  is  found  to  exist  in  the  air  of  a  variety  of 
places. 

Carbonic  Acid. — Standard  '04  Per  Cent. 
Open  Spaces  {Manchester). 

.     More  or  less  than 
Ji-er  cent,    g^andard,  per  cent. 

Fields  in  Green  Leys    "0383  -0017  less. 

OldTrafford    '0432  -0032  more. 

-0291  -0109  less. 

Churchyard,  All  Saints  "       ."   '0323  •oo77 

Smithfield  ^larket    '0446  '0046  more. 
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Factory  Mills  ... 
School  Room 
Theatre  Royal  (pit) 


Confined  Spaces  {Manchester). 

Per  cent. 

  '2830 

  '0970 

  -273.4 


Open  Spaces  {London). 


Cheapside 

Lower  Thames  Street 
Top  of  Monument 
Hyde  Park 
Oxford  Street 
Regent's  Park  ... 


•0352 
•0428 
•0398 
•0334 
•0344 
•0304 


Confined  Spaces  {London). 

Chanceiy  Court  (shut)   ...  '193 

M       (open)   -0507 

Strand  Theatre  (gallery,  10  p.m.)      ...       ...  "loi 

Surrey  Theatre  (boxes,  12  p.m.)    '218 

Olympic  Theatre  (11  "55  p.m.)   ...  •1014 

Standard  Theatre  (pit,  11  p.m.)        ...       ...  "320 

Metropolitan  Railway  between  Gower  Street 
and  King's  Cross   


More  or  less  than 
standard,  per  cent. 

•2430  more. 

•0570 

•2334  „ 


•0048  less. 
•0028  more. 
•0002  less. 
•0066 
•0056  „ 
•0096  „ 


•1530  more. 

0107 


Lake  of  Geneva . 
Chambeisy 
Munich  ... 


•338 

Open  Spaces  {Foreign). 

  *o439 

•0460 

  "0500 


•0610 
•1780 
•0614 
•2800 

•2980 


•0039 
•0060 
•0100 


IX.  Carbonic  Acid  the  Measure  of  Impurity  of  Air. — 
If  the  exact  measure  of  impurity  of  air  was  simply  that  ex- 
pressed by  the  increased  amount  of  carbonic  acid,  or  the  reduced 
amount  of  oxygen  which  it  contains,  it  would  not  be  long  before 
the  engineer,  as  well  as  the  medical  officer,  could  ascertain  the 
exact  condition  of  the  air  of  any  locality.  But  it  is  not  exactly  so. 
Though  the  increased  amount  of  carbonic  acid  is  some  guide  to 
the  extent  of  impurity  existing  in  the  air,  it  gives  no  clue  to  the 
quality  of  that  impurity,  nor  can  we  accept,  as  a  rule,  the  assump- 
tion that  as  the  quantity  of  carbonic  acid  increases,  so  will  be  the 
reduction  of  oxygen. 

Dr.  Parkes,  however,  gives  the  following  reasons  for  taking 
carbonic  acid  as  the  index  of  impurity  :  "  The  carbonic  acid  which 
an  adult  man  adds  to  the  extent  of  about  -j^ths  of  a  cubic  foot  in  an 
hour  is  not,  within  certain  limits,  an  important  impurity,  but  as  it  is 
practically  in  a  constant  ratio  with  the  more  important  organic 
matter  of  respiration,  and  as  it  is  readily  determined,  it  is  taken 
as  a  convenient  index  to  the  amount  of  the  other  impurities. 

"  Taking  the  carbonic  acid  as  the  measure  of  the  impurity  of 
the  air  vitiated  by  respiration  (and  by  respiration  alone),  we  have 
to  ask  what  is  to  be  considered  the  standard  of  purity  of  air  in 
dwelling  rooms  ?    We  cannot  demand  that  the  air  of  an  inhabited 


8 


AIR  CHEMICALLY  AND  PHYSICALLY  CONSIDERED.  [aiR.. 


room  shall  be  absolutely  as  pure  as  the  outside  air ;  for  nothing 
short  of  breathing  in  the  open  air  can  insure  perfect  purity  at 
every  respiration.  In  every  dwelling  room  there  will  be  some 
impurity  of  air."  ....  "  It  appears  from  experiments  made  by 
Dr.  de  Chaumont  and  myself,  that  the  organic  impurity  of  the 
air  is  not  perceptible  to  the  senses  until  the  carbonic  acid  (i.e., 
the  initial  and  the  respiratory  carbonic  acid)  rises  to  the  ratio  of 
•6  per  i,ooo  volumes  (-06  per  cent.),  or  -0006  in  each  cubic  foot." 

Pettenkofer  has  now  adopted  the  limit  of  7  measures  of 
COg,  and  Degen  -66  measures  per  1,060,  as  the  amount  when  the 
organic  matter  simultaneously  present  becomes  perceptible.  I 
would  propose  then  to  adopt  the  amount  of  -6  cubic  feet  per 
1,000  volumes  (-06  per  cent.)  of  total  carbonic  acid  (initial  and 
respiratory)  as  the  limit  of  impurity.  I  admit  that  I  am  not  able 
to  show  by  direct  evidence  that  impurity,  indicated  by  7  or  '8, 
or  even  one  volume  of  carbonic  acid  per  1,000,  and  organic 
impurities  in  proportion,  is  injurious  to  health.  We  possess  no 
means  of  testing  such  small  quantities.  Such  a  standard  must 
be  adopted,  first,  on  the  general  evidence  that  large  aerial  im- 
purities are  decidedly  hurtful,  and  that  smaller  amounts  may  be 
presumed  to  be  so  in  proportion,  although  we  cannot  measure 
the  action ;  and,  secondly,  on  the  fact  that  we  have  an  obvious 
and  simple  measure  in  the  effect  produced  on  the  senses,  which 
gives  us  a  practical  line  of  demarcation  we  could  not  otherwise 
obtain." 

But  to  ascertain  the  amount  of  carbonic  acid  in  the  air  seems 
to  the  uninitiated  not  to  be  a  very  easy  matter,  even  in  the  hands 
of  chemists.  To  the  engineer  who  is  not  acquainted  with 
chemistry  it  is  practically  beyond  reach,  although  Dr.  Angus 
Smith  {Air  and  Rain,  p.  192)  details  several  means  of  effecting 
what  he  terms  "  simple  "  tests,  ahd  which  he  calls  the  "  minimetric  " 
method.  It  is  to  be  hoped  that  some  self-recording  instrument 
to  correspond  with  the  barometer,  the  thermometer,  and  the 
hygrometer,  may  yet  be  invented,  by  which  the  amount  of  carbonic 
acid  in  the  air  may  be  read  off  with  simplicity. 

X.  Ground  Air  as  affecting  the  Dwelling.— All  air  exist- 
ing in  and  emanating  from  soil  is  rich  in  carbonic  acid,  associated 
with  effluvia  and  organic  gases,  governed  in  quantity  by  the 
amount  of  animal  and  vegetable  substances  existing  in  the  soil. 
Sulphuretted  hydrogen  is  found  under  special  circumstances. 
These  emanations  are  the  result  of  the  very  remarkable  disinfecting 
powers  of  soil,  which  Dr.  Angus  Smith  says  will  purify  by  oxidizing 
"  sulphuretted  hydrogen  water,  or  its  compound  with  ammonia, 
on  a  few  inches  of  soil  in  a  few  minutes." — {''Air  and  Rain") 
They  will  continue  to  be  given  off  from  the  surface  so  long  as 
there  exists  beneath  any  organic  matter  to  be  oxidized. 
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Soils  have  different  powers  of  decomposing  organic  substances 
without  lessening  the  amount  of  carbonic  acid  gas  evolved. 
Some  soils,  in  fact,  are  purified  by  the  air  existing  in  them  at  the 
expense  of  the  air  incumbent  upon  them.  Fleck,  of  Dresden,  in 
his  experiments  on  ground  air,  found  that  with  an  increase  of 
carbonic  acid  there  was  a  corresponding  decrease  of  oxygen,  and 
that  the  rate  of  decomposition  is  very  much  slower  in  clay  (as 
every  one  would  expect)  than  in  sands  and  gravels,  while_  the 
amount  of  carbonic  acid  given  off  by  the  slower  decomposition 
taking  place  in  clays  was  very  much  greater  than  from  the  more 
rapid  decomposition  in  sands  and  gravels,  though  the  latter  was 
effected  in  half  the  time.  [The  unhealthiness  of  houses  built  on 
made  soils  for  some  time  after  the  soils  are  laid  down  is  no  doubt 
to  be  attributed  to  the  constant  ascent  of  impure  air  from  the 
impure  soil  into  the  warm  houses  above.  The  diseases  which 
have  been  attributed  to  telluric  effluvia  are— paroxysmal  fevers, 
enteric  (typhoid)  fever,  yellow  fever,  bilious  remittent  fever, 
cholera,  and  dysentery. — Parkes?\ 


L 


10 

/ 


CONTENTS  OF  CHAPTER  II. 
THE  SITE  OF  DWELLINGS. 

Section       XI.  Ruling  Considerations  in  Selecting  Sites 
vt5J'  .^fturally  Dry  and  Wet  Soils  Compared. 
Alll.  Wet  Soils  Injurious  to  Health. 
'^Yt'  ^^P^^^^T  Attraction  in  and  Evaporation  from  Soils. 

XV.  Capacities  of  soils  for  Retention  of  Water  and  Air,  and  the 

Special  Influence  of  Wet  Soils  upon  the  Sanitary  Condition 
ot  Cellars  and  Inhabited  Basements. 

XVI.  Improvement   of  Temperature   consequent   upon  Under- 

Drainage. 

„       XVII.  Mode  of   Under-Drainage  required  to  dry  the  Sites  of 
Dwellings. 

XVIII.  Country  Houses  specially  considered. 


CHAPTER  n. 

XL   Ruling  Considerations  in  Selecting  Sites.  The 

architect  rather  than  the  engineer  is  generally  the  person  consulted 
upon  the  sites  of  dwellings  wherever  they  are  erected,  although 
there  is  no  single  object  upon  which  the  services  of  the  sanitary 
engineer  could  be  more  usefully  employed.  In  towns  and 
villages,  the  sites  of  additional  or  substituted  dwellings  are 
generally  fixed  irrespective  of  the  advice  of  any  one. 

In  the  case  of  isolated  dwellings,  however,  where  selection  can 
be  made,  it  is  unnecessary  to  point  out  that  adverse  conditions  in 
the  site  may  render  the  best  designed  and  best  built  structure 
unhealthy,  for,  as  stated  by  Bacon,  whose  wisdom  condescended 
to  such  social  questions  "  he  who  builds  a  fair  house  upon  an  ill 
seat  committeth  himself  to  prison,"  to  which  he  added  the 
equally  quaint  but  true  remark,  that  he  did  "not  reckon  it  an  ill 
seat  only  where  the  air  is  unwholesome,  but  likewise  where  the 
air  is  unequal." 

Aspect  and  shelter  have  each  their  bearing  upon  salubrity  and 
equality  of  temperature,  but  neither  the  one  nor  the  other  has  an 
influence  so  great  as  the  condition  of  the  soil  beneath  and 
surrounding  the  dwelling. 

Dryness  of  site  is  essential  to  both  these  advantages,  and  the 
engineer  has  the  power  by  appropriate  drainage  to  render  a  sub- 
soil, which  is  naturally  wet  and  polluted  both  dry  and  wholesome. 

The  meaning  of  the  term  "  drainage,"  as  pointed  out  by  the 
author  of  Sanitary  Engineering,  is  totally  different  from  that  of 
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"  sewerage."  An  underground  drain  (the  term  being  derived  from 
the  French  trainer)  means  nothing  more  or  less  than  a  conduit 
intended  to  draw  out  of  the  land  through  which  it  passes  the 
water  which  is  in  that  land,  and,  as  far  as  capillary  attraction  and 
natural  retentiveness  will  permit,  to  remove  the  wetness  caused 

The  very  reverse  is  the  object  of  a  "  sewer"  also  derived  from 
a  French  word,  issuer,  the  precise  meaning  of  which  is  a 
"  conduit  for  the  discharge  of  filth."  A  sewer  should  be  used 
simply  as  a  conduit  to  discharge  its  filthy  contents  as  quickly  and 
as  completely  as  possible,  without  receiving  any  addition  of  hquid 
from  the  soil  through  which  it  passes,  or  allowing  any  part  of  its 
contents  to  escape  into  the  soil.  It  has  been  the  disregard,  by 
engineers  and  by  the  draughtsmen  of  Acts  of  Parliament,  of  the 
true  meaning  and  action  of  the  drain  and  the  sewer  which  has 
led  to  the  present  inferior  condition  of  town  sewerage  throughout  • 
the  country,  and  caused  the  sewage  to  be  diluted  by  subsoil  water 
by  which  it  has  been  rendered  unmanageable  in  after  treatment. 

By  an  appropriate  drainage  of  the  ground  forming  the 
sites  of  dwellings,  and  of  towns  and  villages  (which  are  the 
congregation  of  dwellings)  not  only  may  the  soil  be  made 
absorbent  of  liquid  filth,  and  capable  by  its  aeration  of  oxidizing 
the  nitrogenous  matter  which  it  absorbs,  but,  by  the  adoption  of 
adequate  depth  of  drains,  the  uprising  of  polluted  liquid  in  the 
soil,  and  the  consequent  evolution  of  pernicious  gases  rising  by 
evaporation  into  the  air,  and  permeating  the  basements  of  dwell- 
ings, may  be  prevented.  Moreover,  I  believe  that  as  these  points 
are  established,  and  drainage  is  adopted,  we  shall  go  further  and 
acknowledge  a  sensibly  improved  temperature  of  the  air  as  an 
unmistakable  consequence  of  under-draining  the  sites  of  dwellings. 
If  I  am  right  in  these  views,  one  of  the  first  duties  of  the  engineer, 
when  carrying  out  sanitary  works,  is  to  render  the  ground  upon 
which  any  dwellings  stand  free  from  subsoil  water  to  within  a 
recognised  depth  of  their  foundations.  It  is  only  by  such  means 
that  the  ground  is  made  capable  of  supporting  the  incumbent 
outer  air  in  such  a  state  of  purity  (as  indicated  by  the  amount  of 
carbonic  acid  it  contains)  that  it  shall  always  be  available  for  the 
dilution  of  the  air  within  dwellings. 

Perhaps  the  most  fruitful  source  of  impurity  of  air  in  dwellings 
is  in  the  damp  condition  of  the  ground  immediately  beneath  and 
adjacent  to  them,  which  often  becomes  saturated  with  liquid  filth 
by  the  too  frequent  practice  of  throwing  the  slops  of  the  dwelling 
upon  the  surface  of  yards  and  gardens,  or,  what  produces  nearly 
as  bad  a  condition,  by  heaping  upon  it  solid  house  refuse  of  all 
sorts  to  be  washed  into  the  soil  by  the  rainfall,  and  to  give  off 
effluvia  from  their  accumulated  heaps  or  to  spread  their  minute 
particles  in  the  air,  and  be  taken  into  the  lungs  by  respiration. 


THE  SITE  OF  DWELLINGS.  [air. 

.nlA'''"^^^"  a  State  Of  things  exists  that  malaria  may  be 

said  to  surround  the  dwelhng,  and  render  the  outer  air  unfit  for 
the  dilution  of  the  inner  air.  The  malaria  which  prevails  in 
certain  countries  can  hardly  be  dissimilar  in  some  respects  to  the 
air  which  exists  over  "  excrement-sodden "  ground  and  refuse 
covered  yards,  though  the  eftect  may  be  worse  in  a  hot  than  in  a 
moderately  cool  climate  like  our  own.  In  both  the  absence  of 
under-dramage  is  the  primary  cause  of  evil,  and,  in  both,  a  soil 
aerated  by  under-drainage  would,  to  a  certain  extent,  oxidize  the 
organic  matters  it  contains,  and  greatly  prevent  the  generation  of 
miasma,  and  the  diseases  referred  to  in  the  closing  paragraph  of 
the  last  chapter.  ^ 

XTI.  Naturally  Dry  and  Wet  Soils  Compared.— In 
order  to  ascertain  the  influence  of  a  drained  soil  upon  human 
health,  as  indicated  by  the  rate  of  mortality  from  consumotion,  we 
should  examine  the  effect  of  a  wet  atmosphere  and  compare  it 
with  that  of  a  dry  one.  It  is  found  that  the  number  of  deaths 
from  consumption  in  towns  which  are  naturally  dry,  is  so  very 
much  less  than  in  towns  which  exist  on  a  wet  soil,  that  it  is  now 
believed  by  many  that  this  disease  is  the  off-spring  of  defective 
drainage. 

Dr.  Buchanan,  of  the  Local  Government  Board,  has  very  care- 
fully investigated  this  subject,  and  reported  upon  it  to  the  Medical 
Officer  of  that  Board  (Mr.  Simon),  who  states  in  his  general  report 
(March  31st,  1868)  that  the  investigation  "confirms  beyond  all 
possibility  of  question  the  conclusions  previously  suggested,  that 
dampness  of  soil  is  an  important  cause  of  phthisis  to  the  popula- 
tion living  upon  the  soil."  Dr.  Haviland  of  Northampton,  Dr. 
Seaton  of  Nottingham,  Dr.  Fenton  of  Coventry,  and  many  other 
medical  authorities,  all  support,  in  a  greater  or  less  degree,  the 
conclusions  come  to  by  Dr.  Buchanan  ;  but,  perhaps,  there  is  no 
more  conclusive  proof  of  the  injurious  effect  of  dampness  of  soil 
upon  the  health  of  a  locality  than  that  afforded  some  few  years 
back  in  the  district  of  Rochester,  of  which  Dr.  Sladen  Knight  says, 
"  the  annual  death-rate  of  the  Rochester  Urban  Sanitary  District, 
calculated  on  the  mortality  of  the  three  months  ending 
30th  September  last  (1875),  exclusive  of  deaths  occurring  in 
hospitals,  Was  i5"9io  per  1,000,  whilst  the  annual  death-rate  of 
the  drier  portion  of  the  city  within  the  Medway  district,  ie.,  the 
part  situate  on  the  east  side  of  Rochester  Bridge,  was  but  12-494, 
and  in  the  North  Aylesford  district,  on  the  west  side  of  the 
bridge,  consisting  principally  of  Strood,  the  greater  portion  of 
which  .is  built  on  low-lying  land  and  is  frequently  inundated  by 
the  tide,  the  death-rate  was  23 '800. 

The  importance  of  a  dry  soil  as  the  site  of  human  habitations 
is  well  authenticated  by  the  report  of  Dr.  Bowditch  addressed  to 
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the  Medical  Society  of  Massachusetts,  U.S.A.,  which  runs  thus  :— 
"  Medical  opinion,  as  deduced  from  the  written  statements  of 
resident  physicians  in  183  towns,  tends  strongly  to  prove,  though, 
perhaps,  not  affording  perfect  proof  of  the  existence  of  a  law  on  the 
development  of  consumption  (in  Massachusetts),  which  law  has  for 
its  central  idea  that  dampness  of  the  soil  in  any  township  or 
locality  is  intimately  connected  with  the  prevalence  of  consumption 
in  that  township  or  locality." 

But,  though  it  is  perhaps  hardly  possible  to  furnish  more 
convincing  proof  of  the  advantage  to  be  gained  by  draining 
artificially  the  subsoil  lying  beneath  and  surrounding  dwellings, 
than  by  citing  instances  where  nature  herself  affords  the  proof 
without  any  help  from  man,  it  will  probably  be  considered  more 
pertinent  if  I  point  out  the  fact  that  the  strongest  evidence  yet 
afforded  in  support  of  this  view  has  been  given  in  cases  where 
sewers,  which  were  intended  primarily  for  the  discharge  of  liquid 
refuse,  have  acted  accidentally  in  the  double  capacity  of  drains  and 
sewers,  and  have  drawn  out  of  the  subsoil  the  water  rising  up 
within  it  while  discharging  the  sewage  they  were  originally 
intended  alone  to  remove.  This  is  best  shown  by  Dr.  Buchanan's 
report  "  upon  the  Results  of  Works  for  promoting  public  health  " 
(Ninth  Report  of  Medical  Officer  of  Privy  Council,  1866),  by  which 
it  appears  that  the  general  death-rate  of  Newport,  in  South  Wales, 
was  reduced  23  per  cent.,  while  the  ailments  known  as  "  phthisis  " 
were  reduced  32  per  cent.  At  Cardiff  the  general  death-rate  was 
reduced  24  per  cent,  and  the  death-rate  from  "phthisis"  17  per 
cent.  At  Salisbury  the  general  death-rate  was  reduced  9  per 
cent,  and  that  due  to  *'  phthisis  "  49  per  cent. 

It  must  not  be  supposed,  however,  that  I  am  advocating  the 
construction  of  sewers  to  act  generally  in  this  way.  I  regard  the 
practice  as  a  species  of  engineering  which  we  ought  to  avoid, 
inasmuch  as  the  same  apertures  which  let  the  water  from  the 
subsoil  into  the  sewer  will  let  the  sewage  out  of  the  sewer  into  the 
subsoil,  whenever  the  pressure  from  within  is  greater  than  that 
from  without. 

No  better  proof  of  the  truth  of  the  statement  that  a  "  Sewer  " 
and  a  "  Drain  "  have  distinct  duties  to  perform,  which  cannot  be 
attained  by  one  conduit,  can  be  adduced  than  the  fact,  that  in  the 
city  of  Salisbury,  referred  to  by  Dr.  Buchanan,  the  Corporation 
have  determined  to  reconstruct  a  portion  of  their  sewers,  so  as  to 
avoid  the  influx  of  subsoil  water  ;  whilst  at  Hitchin,  in  Hertford- 
shire, the  Local  Authority  have  already  substituted  a  water-tight 
main  sewer  in  the  place  of  one  which  served  the  double  purpose. 

And  we  must  also  remember  that  wherever  sewage  itself 
escapes,  sewer  gases  will  escape  too.  This  practice  no  engineer 
can  defend.  Though  good  has  come  out  of  evil,  we-  must  never 
forget  that  the  sewage  and  sewer  air  which  escape  may  each  rise  up 
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in  the  ground  in  the  neighbourhood  of  sewers,  and  render  it,  to 
use  the  words  of  Mr.  Simon,  "  excrement-sodden,"  and  the  air 
excrement-reeking."  This  is  evidently  the  case  in  several  of 
our  sea-board  towns,  where  the  sewage  is  retained  in  the  sewers 
by  the  rising  of  the  tide,  and  which  are  thus  converted  into  cess- 
pools. 

While  saying  this  I  would  not  deny  the  fact  that  soil,  where 
drained,  has  an  almost  immeasurable  power  of  cleansing  any  liquid 
that  may  enter  and  pass  through  it,  and  thus  defective  work  may 
be  rendered  harmless.  In  villages  where  shallow  wells  are  retained 
for  the  supply  of  water,  in  opposition  to  the  advice  and  in  face  of 
the  analyses  of  the  chemist,  an  aerated  crust  of  soil,  seven  or 
eight  feet  thick,  will  do  much  to  remove  by  oxidation  the  evil  of 
pollution  arising  from  the  infiltration  of  organic  matter. 

XIII.  Wet  Soils  injurious  to  Health. — We  are  not  de- 
pendent upon  towns  only  for  illustrations  of  the  benefit  to  be 
derived  from  lowering  the  subsoil  water.  Wide  agricultural 
districts,  containing  isolated  dwellings,  have  been  so  much 
benefited  by  drainage,  that  diseases  which  in  former  times  con- 
stantly prevailed,  have  now  ceased  to  exist.  From  the  fens,  ague, 
which  had  previously  been  the  rule  in  every  family  during  the 
spring  of  the  year,  has  now  been  almost  entirely  banished 
by  the  works  of  Rennie  and  other  engineers  ;  although  since  it 
first  ceased  to  exist,  the  disease  has  recurred,  not  at  the  same 
period  of  the  year  (spring)  as  before,  but  in  the  autumn  of  the 
year,  a  special  circumstance,  which  Mr.  Marshall,  of  Ely,  the 
well-known  naturalist,  has  explained  as  due  to  the  fact  that  "  the 
drainage  had  been  carried  beyond  the  point  of  prudence,  so 
that  in  the  summer  months,  and  especially  towards  harvest,  the 
fen  ditches  became  nearly  dry,  and  the  consequence  was  that  we 
once  more  got  an  exhaling  surface,  and  a  noxious  effluvium 
arising  from  decaying  vegetable  matter."  Mr.  Marshall,  in  further 
explanation,  adds  that  "  this  state  of  things  is  now  quite  altered, 
and  the  ague  has  again  vanished  owing  to  the  farmers  making  it  a 
rule  to  let  water  in  from  the  rivers  during  the  summer  months, 
so  as  to  '  keep  a  water '  always  in  the  fen  ditches." 

XIV.  Capillary  Attraction  in  and  Evaporation  from 
Soils. — All  soils  are  more  or  less  susceptible  to  capillary  attrac- 
tion. In  the  chalk  formation,  water  will  rise  from  the  level  of 
complete  saturation  to  a  very  considerable  height  above  it,  while 
a  bed  of  the  new  red  sandstone  will  be  completely  dry  only  a  foot 
or  so  above  the  water  standing  in  it.  Wet  soils  of  a  more  dense 
and  retentive  character  (clays)  do  not  give  off  vapour  as  copiously 
as  free  open  soils  kept  wet  by  under-lying  water ;  nevertheless,  as 
long  as  there  is  any  water  below  sufficiently  near  to  keep  them 
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moist  by  attraction,  evaporation  will  continue,  and  in  the  end  the 
amount  of  vapour  given  off  from  them  will  be  much  greater  than 
in  the  case  of  free  soils  under  similar  conditions  of  outfall. 
Moreover  organic  substances  existing  in  clays  undergo  decom- 
position slowly  and  without  any  diminution  in  the  amount  of 
carbonic  acid  gas  evolved  from  them.  It  is  for  this  reason  that 
clay  lands  are  termed  cold^  and  may  be  considered  comparatively 
insalubrious  and  therefore  objectionable  as  the  sites  foi;  dwellings. 

From  what  has  been  said  it  may  be  taken  as  a  rule  that 
wherever  ground  is  water-logged  owing  to  the  want  of  an  outlet, 
whether  the  soil  be  an  open  gravel  or  a  dense  clay,  it  is 
unfit  for  the  site  of  human  dwellings  until  the  line  of  saturation — 
i.e.,  the  subsoil  water — is  lowered,  by  drainage,  to  such  a  sufficient 
depth  as  not  only  to  reduce  evaporation,  but  to  prevent  the  rising 
of  moisture  by  attraction  up  to  the  cellar-floors  and  the  founda- 
tions of  the  dwelling. 

Nevertheless,  if  we  examine  closely  into  the  condition  of 
inhabited  districts,  we  find  considerable  areas  of  water-logged 
land  on  the  banks  of  rivers  covered  with  dwellings,  regardless  of 
the  height  of  the  subsoil  water  beneath;  and,  if  further,  we 
examine  into  the  rate  of  mortality,  with  special  reference  to  deaths 
from  lung  diseases,  rheumatism,  and  heart  complaints,  we  see 
that  they  are  increased  in  exact  proportion  as  wetness  prevails; 
It  is  found  in  all  inhabited  districts  that  those  parts  which  have 
the  natural  advantage  of  a  deep  crust  of  open  dry  soil  between 
the  basements  of  dwellings,  and  the  subterranean  water  level 
beneath,  command  a  superior  state  of  salubrity. 

t 

XV.  Capacities  of  Soils  for  Retention  of  Water  and 
Air,  and  the  Special  influence  of  Wet  Soils  upon  the 
Sanitary  condition  of  Cellars  and  Inhabited  Basements. — 
All  soils  in  positions  to  affect  dwellings  may  be  divided  into  three 
classes ;  first,  those  that  are'  comparatively  impervious,  and  will 
therefore  resist  absorption ;  second,  those  that  are  pervious  and 
retentive,  and  absorb  and  give  off  water  slowly ;  and  last,  those  that 
are  pervious  and  free,  and  absorb  and  give  off  water  more  rapidly. 

In  the  first  we  include  exposed  rocks  ;  in  the  second,  clays  of 
various  qualities  and  degrees  of  density  ;  and  in  the  last,  the 
sands,  gravels,  chalk,  and  riiixed  soils  of  various  degrees  of 
porosity. 

In  the  absence  of  either  natural  or  artificial  drainage,  all  soils 
—retentive  and  free— hold  water  according  to  the  interstitial 
spaces  they  contain.  Without  distinction,  all  soils  thus  filled  with 
water  instead  of  air,  impart  dampness  to  the  walls  with  which  they 
are  m  contact,  while  the  "ground  air"  which  arises  from  them  in 
summer  becomes  injurious  to  health  from  its  being  more  or  less 
impregnated  with  putrescible  matter. 
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"  Impermeable  "  granites  and  marbles  of  the  greatest  possible 
density  hold  about  a  pint  of  water  per  cubic  yard,  while  a  loose 
sand  will  contain  from  40  to  50  gallons  per  cubic  yard.  Ordinary 
red  sandstone  will  hold  27  gallons  per  cubic  yard. 

XVI.  Improvement  of  Temperature  consequent  upon 
Under-drainage. — The  advantage  of  lowering  the  sub-soil  water, 
and  of  admitting  air  into  the  soil  does  not,  however,  end  with  the 
reduction  of  special  diseases.  This  work  has  the  effect  of  im- 
proving the  temperature  of  the  air  incumbent  upon  the  ground, 
as  well  as  of  raising  that  of  the  soil  beneath.  If  the  rain  falling 
on  the  ground  is  absorbed  and  cannot  escape  from  the  sub-soil 
because  no  oudets  exist  to  carry  it  away,  it  is  evaporated  from 
the  surface ;  and,  supposing  30  inches  of  rain  to  fall  in  a  year  on 
an  acre  of  land,  and  its  evaporation  to  be  spread  over  the  whole 
period,  the  daily  weight  of  water  evaporated  would  be  rather 
more  than  8^  tons  or  18,596  lbs.  '    ^  ,         .  , 

An  engineer  will  best  realize  the  loss  of  neat,  i.e.,  the 
reduction  of  temperature  resulting  from  the  change  of  such  a 
quantity  of  water  into  vapour,  when  he  remembers  that  it  would 
require  "  the  combustion  of  about  24  cwt.  of  coals  as  ordmarily 
used  under  a  steam  boiler  to  effect  the  object"  {Josiah  Parkes)  ■ 
"  ceteris  paribus,  the  amount  of  water  evaporated  is  proportional 
to  the  surface  exposed  to  the  air.  It  is  much  greater  from 
porous  solid  surfaces  kept  wetted-as,  for  example  moist  soil 
wetted  by  rain— than  from  the  surface  of  water  itself  {Herschel). 
Every  grain  of  water  evaporated,  carries  off  with  it  sufficient  heat 
to  raise  q6o  grains  i  degree  Fahr.  .    ,  ^    .      •,  , 

Mr  Buchan,  of  the  Scottish  Meteorological  Society,  has  shown 
bv  his'experiments  "  that  the  temperature  of  the  drained  sod  has 
been  raised  in  summer  above  that  of  undramed  land  to  the 
extent  of  3  degrees,  often  2  degrees,  and  still  more  frequently  a 
degree  and  a  half  hence  it  follows  that  the  advantage  derived 
from  drainage  is,  in  many  cases,  the  same  as  if  the  land  had  been 
transDorted  100  to  150  miles  southward.  .  ,  , 

T  Wniiam  Rankine  showed  ^o^rnal  of  the  ScotUsh  Meteorolo- 
deal  Society,  1865)  that  the  mean  temperature  of  land  was  raised  by 
Sde^^-d  %age  at  10  inches  from  the  surface  eight-tenths  of  a 
Se^ee  wS^^  experiments  I  made  at  Hmxworth 
E!;:iZncultural^Soeiety  of  England  -1-  x8  o  sho.^^^ 
that  in  spring  the  temperature  of  dramed  land  at  18  inches  trom 
t'he  urflce  las  2  degLs  higher  than  that  o  t^e  -dj^ed  ^^^^^^^^ 
o,  >V,A  c:amft  deoth  The  experiments  of  the  late  Josiali  i-arKes, 
near  BSnJe-Moors,  showed  an  increase  in  the  temperature  of 
drained  and  over  undrained  bog,  of  lo  degrees  at  31  inches  below 
fhe  surface  V'On  the  influence  of  water  on  t)^  temperature  of  sod. 
fouZTTftL  Royal  Agricultural  Soaety  of  England,  vol.  v.] 
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Professor  Schubler's  experiments  at  Tubingen  and  Geneva  proved 
that  rain  falling  on  aerated  {i.e.,  drained)  land,  while  supplying 
moisture,  also  supplied  warmth  and  raised  the  mean  annual 
temperature  of  ground  6  degrees  at  a  depth  of  4  feet ;  while,  in 
support  of  the  deep  drainage  of  ground,  Herschel  states,  on  the 
authority  of  Quetelet  (Mem.  Acad.,  Brussels,  1836),  "that  the 
fluctuations  of  temperature  beneath  the  surface  grow  continually 
less  as  the  depth  increases,"  and  the  difference  between  diurnal  and 
nocturnal  extremes  becomes  imperceptible  at  4  feet  below  the 
surface. 

XVII.  Mode  of  Under-drainage  required  to  dry  the 
Sites  of  Dwellings.— The  method  of  under-drainage  necessary 
to  lower  the  water  level  in  wet  lands  to  a  proper  depth  will  vary 
with  the  character  of  the  subsoil.  In  water-logged  free  soils  a 
single  drain  will  often  lower,  at  very  little  cost,  the  water  level  of  a 
wide  area.  A  similar  effect  has  also  been  produced  by  the  so- 
called  "  drain  sewers  "  which  have  not  only  lowered  the  water  in 
wells  as  well  as  in  the  soil,  but  have  been  known  to  cause  settle- 
ment in  houses  at  Norwich,  by  the  removal  and  displacement  of 
sand  with  the  water  beneath  their  foundations. 

It  may  be  taken,  as  a  rule,  that,  in  free  soils,  no  advantage  is 
gained  by  multiplying  drains  beyond  the  minimum  number  that 
will  lower  the  subsoil  water,  and  that  they  should  be  as  far 
removed  from  buildings  as  possible. 

In  clay  soils,  numerous  drains  are  requisite  to  overpower  the 
retentive  properties  which  such  soils  possess.  The  greater  the 
number,  the  better  will  that  purpose  be  fulfilled. 

All  drains  should  be  made  secure  against  the  entry  of  vermin 
and  the  roots  of  trees,  and  the  accumulation  of  peroxide  of  iron  and 
other  impediments ;  this  will  be  done  by  carefully  jointing  the  pipes 
with  tarred  gaskin  and  Portland  cement,  when  passing  through 
particular  parts  liable  to  such  obstructions.  Though  it  is  desir- 
able to  avoid  placing  drains  under  any  buildings,  still  they  are 
sometimes  essential  to  the  perfect  drainage  of  the  sites  of  dwellings 
built  on  clay  soils.  When  adopted,  care  must  be  taken  to  produce 
by  the  complete  aeration  of  the  subsoil  that  uniform  disintegration, 
which  counteracts  contraction  and  expansion  under  different  con- 
ditions of  the  atmosphere,  and  so  avoids  any  injurious  effect  upon 
the  superstructure. 

That  the  maintenance  of  air  freed  from  excessive  evaporation 
by  under-drainage,  in  conjunction  with  the  removal  of  putrescible 
matters  by  proper  arrangements  and  appliances  connected  with 
the  dwelling,  is  an  object  of  utmost  importance,  is  shown  by  the 
highest  medical  authorities  of  the  day,  who  declare  that  long 
continued  exposure  to  bad  air  tends  to  the  production  of  scrofula 
and  consumption,  of  which  latter  disease,  it  is,  as  already  stated, 
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probably  an  active  primary  cause  ;  that  it  promotes  enteric  fevers  ; 
that  it  fosters  aihrients  of  the  respiratory  organs,  such  as  catarrh 
bronchitis,  and  pneumonia ;  that  it  is  frequently  the  cause  of  in- 
flammation of  the  eyes,  and  that  it  adds  to  the  spread  of  small- 
pox, measles,  scarlet  fever,  and  the  like,  while  it  renders  the  rapid 
cure  of  wounds  and  sores  of  all  kinds  a  work  of  great  difficulty. 

I  should  not  have  laid  so  much  stress  upon  under-drainage  in 
contradistinction  and  in  addition  to  sewerage  as  the  work  of  the 
engineer,  were  it  not  that  I  am  convinced  that  the  present  gene- 
ration, which  has  adopted  as  an  axiom  the  saying  of  Franklin  that 
"  public  health  is  a  nation's  wealth,"  will  be  reproved  by  the  next 
for  not  making  the  drying  of  the  soil  a  fundamental  requirement 
in  sanitary  works.  I  feel  assured  that  as  certainly  as  we  of  this 
generation  are  now  engaged  in  removing  from  our  rivers  the 
polluting  matters  which  the  authorities  of  the  last  obliged  our 
fathers  to  discharge  into  them,  so  will  those  who  come  after  us 
lament  with  shame,  and  do  their  best  to  repair,  the  disregard  paid 
by  our  present  authorities  to  the  drying  of  the  sites  of  habitations, 
as  one  of  the  first  considerations  for  the  preservation  of  human 
life. 

XVIII.  Country  Houses  specially  considered. — This 
chapter  would  hardly  be  complete  were  it  not  stated  that  there  is 
no  class  of  existing  dwellings  which  more  positively  demands 
sanitary  reorganization  than  that  which  comprises  the  mansions  of 
our  country  gentry,  which  are  generally  considered  from  their 
position  and  surroundings  to  be  free  from  the  drawbacks  attending 
urban  residences.  There  are,  however,  no  persons  less  ready  to 
acknowledge  this  fact  than  those  who  occupy  them. 

The  condition  of  our  country  mansions  though  occupying 
sites,  which,  in  some  respects,  possess  the  advantages  and  are  free 
from  the  objections  which  we  have  pointed  out,  has  only  to  be 
examined  to  prove  that  a  defective  atmosphere,  and  a  defective 
water  supply  must  still  exist  in  the  majority  of  cases. 

Up  to  this  time  the  abstract  warnings  of  medical  authorities 
have  hardly  reached  our  country  gentiy,  who,  believing  that  they 
are  surrounded  by  air  naturally  pure,  and  that  their  isola- 
tion frees  them  from  the  evils  attending  a  combination  of  sewerage 
works,  shut  their  eyes  to  the  truth,  that,  by  their  own  disregard  of 
proper  internal  sanitary  arrangements  adverse  conditions  arise  and 
evils  are  generated,  which  result  in  bad  air  and  bad  water.  Surely 
there  is  no  greater  mistake  than  the  encouragement  of  a  belief  in 
this  immunity.  The  basements  of  many  of  our  largest  country 
mansions,  occupied  by  the  wealthiest  of  our  landowners,  are  riddled 
with  cesspools  and  threaded  with  brick  sewers  inhabited  by  rats. 
In  a  majority  of  cases,  too,  the  water  used  for  drinking,  cooking, 
and  washing  will  be  obtained  trom  wells,  sometimes  under  the 
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mansion  itself,  but  more  frequently  in  immediate  proximity  to 
putrefying  matter  collected  in  ash-pits  and  out-offices,  or  within 
reach  of  liquid  escaping  from  external  cesspools  and  sewers. 

Whilst  speaking  of  country  houses  it  should  be  said  that  none 
should  be  without  a  plan  of  its  sewers,  drains,  and  water  pipes, 
conspicuously  placed  for  the  observation  of  servants  as  well  as 
superiors,  and  no  pains  should  be  spared  to  make  every  one  under- 
stand that  the  private  sewers  and  sanitary  appliances  of  a  country 
dwelling  require  just  as  much  care  and  attention  as  the  public 
sewers  of  a  large  town.  Further,  it  is  most  desirable  to  leave  as 
little  as  possible  to  be  rectified  by  the  village  plumber,  the  only 
way  of  reducing  his  work  to  a  minimum  being  simplicity  of 
arrangement  and  accuracy  of  execution  in  the  first  instance,  with 
a  perfect  record  of  pipes,  &c.,  for  after  reference.  In  the  absence 
of  such  a  record  as  much  money  is  expended  in  ascertaining  the 
cause  and  position  of  anything  wrong,  as  there  is  in  putting  it 
right  when  the  defect  is  ascertained. 
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CHAPTER  III. 

[Having  in  the  last  chapter — which  was  devoted  to  the  "  Site  of 
the  Dwelling  " — dealt  with  its  "  drainage  "  in  its  true  meaning,  and 
proposing  in  the  next  to  treat  of  its  "  sewerage,"  it  is  now  intended 
to  specify  certain  considerations  to  which  attention  should  in  all 
cases  be  paid  in  the  construction  of  the  fabric  itself.] 

XIX.  Concrete  Floors.  — After  the  water-level  in  the  ground 
forming  the  site  has  been  lowered  by  drainage  (see  ante,  p.  17), 
every  care  should  be  taken  to  prevent  dampness  rising  from  that 
water-level  into  the  basement  floors,  or  up  the  walls  through  the 
foundations.  To  protect  the  basement  floors  from  this  evil  it  is 
desirable  to  cover  the  ground  forming  the  base  of  the  dwelling  with 
a  bed  of  concrete  extending  from  outside  wall  to  outside  wall.  This 
will  not  only  prevent  dampness  and  "ground  air"  rising  from  the 
underlying  soil  into  the  inhabited  apartments,  but  it  will  also  prevent 
any  liquid  refuse  from  sinking  into  the  ground  beneath  to  aggra- 
vate the  pernicious  character  of  the  air  which  would  otherwise  rise 
from  it.  Such  a  covering  of  concrete  is  especially  useful  in 
preventing  the  rising  of  effluvia  from  any  sewer  that  might  be  laid 
under  the  basement  floor.  Though  contrary  to  the  primary  rules 
of  sanitation,  it  is  not  always  possible,  especially  in  closely 
inhabited  towns,  to  avoid  laying  sewers  under  the  basement  floors 
of  houses  ;  and  where  this  is  done  special  care  should  be  taken  to 
envelop  them  with  concrete,  so  as  to  prevent  any  foul  air  that 
might  escape  from  the  joints  of  the  pipes  from  being  drawn  mto 
tlie  house  by  the  higher  temperature  of  the  rooms  above.  Under 
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ordinary  circumstances  an  uniform  depth  of  6  inches  will  be  a 
sufficient  covering  of  concrete,  the  component  parts  of  which 
should  be  ballast,  consisting  of  broken  stone,  gravel,  or  burnt  clay 
of  a  clean  description,  and  Portland  cement  of  the  best  quality,  in 
the  proportion  of  five  of  ballast  to  one  of  cement,  with  enough 
sand  to  fill  up  interstitial  spaces. 

XX.  Damp  Course.— To  prevent  moisture  from  rising  up  the 
walls  of  dwelHngs,  it  is  now  a  general  practice  to  build  them  on  a 
foundation  of  concrete,  the  thickness  of  which  should  in  no  case 
be  less  than  12  inches.  In  addition  to  this  base  of  concrete  it  is 
necessary  to  have  a  layer  of  impervious  material  within  the  wall 
itself,  i.e.,  between  the  courses  of  bricks  or  layers  of  stone  work. 
This  layer  is  ordinarily  called  the  "  damp  course^'  and  should  act 
in  the  wall  in  the  same  way  as  the  bed  of  concrete  does  under  the 
basement  floors.  The  proper  height  at  which  to  insert  the  damp 
course  in  external  walls  is  a  few  inches  above  the  natural  ground 
line,  and  in  internal  walls  on  a  level  with  the  bottom  of  the 
concrete.  Damp  courses  are  made  of  different  materials ; — 
sometimes  a  double  course  of  slates  bedded  in  cement  is  found 
sufficient ; — sometimes,  in  very  important  and  costly  structures,  a 
layer  of  sheet  lead  is  placed  throughout  the  whole  length  of  the  walls; 
— another  material  used  is  hot  asphalte  mixed  with  sand,  laid  \  or 
I  inch  thick  at  the  same  height  relatively  to  the  ground  line  ; — and 
perforated  stoneware  tiles  bedded  in  cement  have  also  been  applied 
to  the  same  purpose.  These  not  only  act  as  a  preventative  to 
the  uprising  of  moisture,  but  also  as  a  means  of  ventilating  the  spaces 
between  the  ground  of  the  basement  and  the  joists  of  the  fioor. 
A  layer  of  cement  alone  is  sometimes  used,  mixed  in  the  pro- 
portion of  one  of  Portland  cement  to  one  of  clean  sand,  but,  as  it 
is  apt  to  crack  under  superincumbent  weight,  it  is  not  to  be  recom- 
mended. 

XXI.  Dripping  Roofs  and  Dry  Rot. — Dripping  roofs,  i.e., 
those  that  are  not  provided  with  eave  troughing,  are  a  very  com- 
mon cause  of  dampness  in  the  soil  in  immediate  contact  with  the 
walls  of  dwellings.  Many  a  house  without  a  basement  floor,  and 
which  would  be  otherwise  dry  and  healthy,  is  rendered  quite 
unfit  for  the  habitation  of  the  aged  and  infirm  from  this  cause 
alone.  In  rural  more  than  urban  districts  a  disregard  of  this 
consideration  largely  prevails.  That  merciless  enemy,  "  dry  rot  " 
(owing  its  name  rather  to  the  effect  produced  than  to  the  cause), 
only  takes  possession  of  buildings  where  proper  measures  are 
not  taken  to  secure  a  healthy  base  of  structure.  Dry  rot 
is  for  the  most  part  generated  in  a  damp,  close,  and  dark 
atmosphere  \  though  when  once  in  existence  it  seems  to  rise  with 
extraordinary  rapidity  from  its  bed,  and  to  spread  vigorously 
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through  timber  and  walls  in  all  situations,  dry  or  damp,  light  or 
dark.  One  great  preventive  of  "  dry  rot "  is  an  uninterrupted 
circulation  of  air  throughout  the  basement,  and  between  ceilings 
and  floors.  A  good  builder  knows  how  to  prevent  the  abuse  of 
this  admission  of  air  by  so  laying  his  floor  boards  as  to  prevent 
the  influx  of  cold  air  into  dwelling  rooms  which  might  otherwise 
take  place. 

XXII.  Hollow  Walls.— Hollow  external  walls  are  sure 
preventatives  to  damp,  and  by  their  adoption  in  exposed  localities 
the  dwelling  is  not  only  rendered  drier,  but  is  made  warmer  in 
winter  and  cooler  in  summer.  They  may  be  built  in  either  brick- 
work, stone,  or  concrete  of  a  thickness  dependent  on  the  height 
or  nature  of  the  superstructure,  but  the  space  between  the  two 
walls  should  not  in  any  case  be  less  than  2  or  3  inches,  with  a 
carefully  devised  admission  of  outer  air  which  should  circulate 
through  the  hollow  spaces.  The  method  of  tying  the  walls  together 
by  means  of  bricks  (headers)  is  not  to  be  recommended,  for  any 
existing  outside  mo'sture  can  be  absorbed  by  the  end  of  the  brick, 
and  through  it  conveyed  inwards,  thus  neutralizing  the  benefit 
that  would  otherwise  be  derived.  Ties  of  iron  should  be  adopted 
in  preference  to  those  of  any  other  material. 

Different  means  are  practised  in  different  parts  of  the  country 
for  resisting  the  effects  of  driving  rains.  In  principle,  however, 
they  do  not  commend  themselves  to  the  architect  and  builder  as 
much  as  hollow  walls.  In  some  parts  of  Sussex  and  Hampshire, 
vertical  slating  of  the  external  walls  may  be  observed,  whilst  in 
Kent  plain  tiles  are  used  in  the  same  way,  and  present  a  much 
more  agreeable  appearance. 

XXIII.  Basement  Floors  under  the  level  of  surround- 
ing GROUND  TO  have  Areas. — All  dwellings  in  both  town  and 
country  possessing  basement  floors  under  the  level  of  the 
natural  surface  of  the  ground  should  have  outside  areas,  or  dry 
passages,  between  the  ground  and  their  walls.  The  omission  of 
this  precaution,  especially  in  soils  naturally  wet  or  damp,  neces- 
sarily produces  an  unhealthy  condition  within.  In  many  cases 
an  attempt  to  prevent  dampness  is  made  by  building  an  outside 
wall  which  will  provide  a  space  between  it  and  the  basement  wall 
of  the  dwelling,  and  this  is  arched  over  so  as  to  form  a  dark 
outside  passage.  This  is  only  a  half-and-half  remedy  ;  the  proper 
one  is  to  build  a  wall  thoroughly  unconnected  and  allowing  a 
space  open  to  the  air  or  covered  with  a  grated  top,  so  as  to  let  the 
atmosphere  freely  circulate  along  the  whole  extent  of  the  area. 
The  floor  of  the  area  should  be  so  laid  as  to  allow  water  falling 
upon  it  to  find  its  passage  from  the  house  to  a  central  trapped 
cesspit.    By  such  means  any  water  will  be  discharged  from  die 
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area,  without  admitting  any  obnoxious  effluvium  from  the  sewer 
with  which  it  may  be  connected.  Small  self-acting  syphon  flush 
tanks  connected  with  a  down  pipe  from  the  roof  may  be  made  a 
means  of  washing  the  floor  of  the  area  in  times  of  rainfall,  and 
at  the  same  time  flushing  the  outfall  pipe  from  the  cesspit  to  the 
sewer. 

XXIV.  No  Cellar  or  Basement  to  exist  in 
Dwellings  built  on  Clay  Soils.— In  clay  soils  cellars  apd 
basement  floors  should  be  avoided  altogether,  for  the  retentive 
properties  of  clays  will  invariably  cause  dampness  around  the 
dwellings,  and  coldness  within  it,  which  neither  under-drainage 
nor  the  existence  of  areas  can  overcome  so  effectually  as  to  render 
them  dry  and  comfortable.  Dwellings  erected  on  clay  soils 
ought  universally  to  be  well  raised  above  the  ground  surface,  with 
free  ventilation  between  that  surface  and  the  ground  floor. 
It  may,  moreover,  be  taken  as  a  general  rule  that  no  house  built 
on  any  description  of  soil  should  be  without  space  for  ventilation 
between  the  earth  or  concrete  and  the  joists  upon  which  the 
ground  floor  is  laid,  and  that  such  ventilation  should  secure  a 
free  and  perfect  circulation  of  air. 

XXV.  Ventilating  Shafts  in  connection  with  Chim- 
neys.— When  setting  forth  the  special  provision  to  be  made 
in  the  structure  for  securing  a  healthy  condition  of  walls  and 
basements,  it  may  be  stated  that  no  arrangement  will  better 
conduce  to  successful  ventilation  than  the  construction  of 
an  extra  flue  in  the  principal  stacks  of  chimneys,  which  shall 
serve — not  for  the  passage  of  smoke — but  for  the  extraction  of 
foul  air  from  the  rooms  on  the  different  floors  through  which  the 
stacks  of  chimneys  pass.  This  extraction  is  secured  by  the 
higher  temperature  of  the  air  within  the  shaft,  raised,  as  it 
would  necessarily  be,  by  its  forming  one  of  a  number  of  flues 
heated  by  fires  beneath.  All  chimneys  should  be  built  as  much 
as  possible  inside  the  dwelling  and  not  against  external  walls,  in  order 
that  the  warmth  they  impart  may  not  be  lost.  Under  any  circum- 
stances it  will  be  found  of  advantage  that  a  ventilating  shaft 
should  be  built  in  connection  with  the  kitchen  flue,  which  is 
always  in  use,  when,  by  a  perforated  hollow  cornice,  or  some  such 
device,  means  can  be  taken  to  give  an  outlet  from  the  rooms 
into  the  shaft  without  any  objectionable  appearance. 

[The  subject  of  ventilation  being  of  paramount  importance, 
it  is  treated  separately  in  Chapter  VI]. 

XXVI.  As  to  the  situation  of  Kitchen  and  Cooking 
Departments  and  the  avoidance  of  Smells  therefrom. — 
Without  trespassing  more  than  necessary  on  the  province  of  the 
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architect,  the  position  of  the  kitchen  and  scullery  in  both  town 
and  country  dwellings  and  that  of  the  ashpits,  as  the  receptacles 
of  kit-hen  refuse  and  garbage,  can  hardly  be  passed  over. 
Experience  is  constantly  showing  that,  by  neglect  of  the  primary 
rules  which  should  regulate  the  position  of  these  offices,  the 
benefits  aimed  at  in  house  sanitation  are  greatly  neutralized,  and 
that  the  necessary  appurtenance— the  dust-bin  or  ash-pit — is  a 
frequent  source  of  extreme  annoyance,  which  can  only  be  tolerated 
in  proximity  to  dwellings  by  the  strictest  attention  on  the  part  of 
the  scavenger.  It  cannot  be  too  well  recognized  that  plenty  of 
air  and  light,  cool  and  dry,  are  equally  essential ;  whilst  too  much 
care  cannot  be  paid  to  the  means  by  which  circulation  of  air 
without  draught  is  attained,  whereby  all  steam  and  vapours  as  they 
arise  are  carried  off.  It  -would  seem  impossible  in  town  houses, 
where  the  kitchen  must  in  nearly  every  case  be  placed  beneath 
the  living  and  sleeping  rooms  though  speaking  theoretically  it 
should  be  above  them  all,  to  avoid  altogether  the  uprising  of  the 
warm  air  and  odours  inseparable  from  cooking.  Much,  however, 
can  be  done  to  alleviate  this  objectionable  state  by  outlets  through 
the  kitchen  ceiling  connected  with  tubes  laid  between  the  ceiling 
and  the  floor  immediately  above,  which  should  communicate  with 
the  open  air  ;  by  the  judicious  situation  of  doors  and  window  in 
relation  to  the  fire  place  ;  and  by  the  selection  of  northern  or 
eastern  aspect  where  possible. 

In  country  houses  where  these  evils  are  almost  invariably 
preventible  disagreeable  kitchen  odours,  nevertheless,  are  frequently 
as  perceptible  as  in  town  houses.  In  the  country  no  living  or 
sleeping  rooms  should  exist  over  these  essential  offices,  but  they 
should  be  separate,  though  attached,  with  space  between  ceiling 
and  Toof  sufficient  to  allow  of  the  gradual  though  certain  escape  of 
steam  and  vapours  by  proper  ventilating  arrangements  made  more 
perfect  by  the  association  of  an  empty  f!ue  connected  with  the 
chimneys  ;  and  the  provision  of  properly  devised  doors  to  separate 
these  offices  from  the  main  portion  of  the  dwelling. 

XXVII.  Precautionary  Measures  to  prevent  Explosions 
OF  Boilers. — Though  much  loss,  inconvenience,  and  discomfort 
is  experienced  from  the  bursting  or  cracking  of  kitchen  boilers, 
by  the  sudden  influx  of  cold  water  into  them  when  in  a  state  of 
extreme  heat,  occasioned  by  the  stoppage  of  the  supply  pipes  by 
frost  or  otherwise,  it  is  not  with  the  ordinary  low  pressure  kitchen 
boilers  of  small  houses  that  actual  danger  to  life  is  to  be  appre- 
hended. Explosions  of  a  serious  character  generally  occur  with 
high  pressure  boilers  used  for  the  service  of  hot  water  to  the 
upper  appartments  of  dwellings. 

Various  have  been  the  modes  suggested  for  the  prevention  of 
accidents  of  this  kind,  and  amongst  them   the  first  to  be 
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noticed  is  the  adoption  of  a  cylinder  placed  in  close  proximity  to 
the  kitchen  boiler  {see  Fig.  i)  to  act  as  a  medium  of  connecting 
it  with  the  main  house  cistern  instead  of  a  hot  water  circulating 
cistern  with  ball  valves.    It  is  made  of  stout  copper  and  connected 


Fig.  I. 


at  its  lowest  extremity  with  the  supply  pipe  from  the  bouse 
cistern.  Two  pipes  also  close  to  its  base  effect  the  necessary 
communication  with  the  boiler.  The  water  as  yet  cold  flows  to 
the  boiler  by  the  lower  of  these  two  pipes,  and  after  being  heated 
returns  to  the  cylinder  by  the  upper  pipe.  The  cold  water  thus 
always  remains  at  the  bottom  of  the  cylinder,  and  when  hot,  after 
Its  circulation  through  the  boiler,  naturally  rises  to  the  upper 
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portion  of  the  cylinder— to  the  summit  of  which  the  hot  water 
supply-pipe  with  all  its  branches  is  attached.  No  water  is  thus 
drawn  from  the  boiler  itself,  and  the  supply  is  available  to  any 
height  below  the  level  of  the  water  in  the  house  cistern.  With 
this  arraVigement  it  is  impossible  to  drain  the  boiler  dry,  for  the 
exit  pipe  from  the  cylinder  being  at  the  top  of  the  cylinder,  it 
cannot  possibly  be  emptied,,  although  the  supply  from  the  cistern 
above  be  entirely  cut  off,  for  a  period  of  about  three  weeks. 
Valves  are  furnished  to  regulate  or  stop  the  circulation. 

In  other  instances,  where  the  hot  water  is  drawn  straight  from 
the  boiler  itself,  or  its  general  supply  made  dependent  on  the 
efficient  action  of  a  ball  valve  in  connection  with  it,  the  boiler  can 
readily  become  dry,  and  explosion  result.  The  above  arrangement 
is  most  fully  explained  in  a  pamphlet  by  Mr.  Grimshaw,  F.C.S.,  of 
Manchester,  on  the  management  and  arrangement  of  the  kitchen 
boiler  and  water-pipes,  which  will  amply  repay  persual ;  and 
Mr.  Dyer,  of  Camden  Town,  has  introduced  this  system  into 
London. 

Messrs.  Bowden  and  Co.,  of  79,  Elizabeth-street,  Eaton  Square, 
are  the  inventors  of  another  method  for  the  abolition  of  ball 
valves  attached  to  hot  water  cisterns.  In  their  invention  they 
place  the  hot  water  cistern  or  cylinder  not  in  the  kitchen,  as  in 
the  previous  instance,  where  it  must  be  a  source  of  much  additional 
heat — where  it  is  least  wanted — but  in  the  uppermost  story 
immediately  below  the  house  cistern,  {see  drawing  opposite).  They 
state  that  in  their  system  the  latter  need  not  be  disconnected  from 
the  former  by  any  ball  valve  at  all,  but  that  by  simply  deflecting  the 
feed  pipe  to  act  as  an  inverted  syphon  between  the  two  in  the  man- 
ner shown  in  the  illustration  opposite,  the  water  in  the  cold  water 
cistern  remains  perfectly  cold,  whilst  the  water  in  the  hot  water 
cistern  obtains  the  required  temperature.  The  distribution  of  the 
hot  water  throughout  the  house  is  effected  in  a  manner  similar  to 
that  which  generally  prevails.  Messrs.  Bowden  say  that  they  have 
carried  the  system  into  successful  operation  in  various  houses  at 
the  west  end  of  London,  and  that  no  failure  in  the  object  aimed  at 
has  been  experienced,  nor  has  the  temperature  of  either  supply, 
cold  or  hot,  been  in  any  way  depreciated  by  the  communicatior 
one  with  the  other.  If  this  invariably  proves  correct  the  invention 
is  worthy  of  the  highest  commendation,  for  it  effectually  does 
away  with  all  chance  of  danger  without  any  attendant  drawbacks, 
and  the  same  princij^le  will  apply  to  low  as  to  high  pressure 
boilers. 

To  keep  the  pipes  intended  for  hot  water  from  freezing  durirg 
severe  frosts,  Mr.  Grimshaw,  in  his  pamphlet  says,  that  "  /<?/-wattr 
pipes  cannot  freeze,  so  keep  them  hot.  This  is  the  best  plan ;  keep 
the  usual  fire  in  the  kitchen  range,  draw  off  at  intervals  a  little  hot 
water,  then  all  the  hot  water  pipes  will  be  kept  at  least  warm,  the 
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cold  water  pipe  from  cistern  to  cylinder  will  be  kept  in  motion, 
and  the  ball  tap  and  pipe  also.  At  night  damp  the  fire  down 
with  '  slack,'  and  ashes  slightly  wetted,  so  that  it  will  keep  in  till 
morning  or  nearly  so,  and  after  damping  down  run  a  quart  or  so  of 
hot  water  from  the  tap  to  give  a  final  move  to  the  pipes." 

As  regards  safety  valves  for  boilers,  they  are  of  numerous 
kinds,  but  with  arrangements  such  as  have  been  just  described, 
there  can  be  no  need  for  any. 

With  other  arrangements,  however,  they  may  be  advisable  ;  and 
the  best  form  of  valve  is  what  is  termed  the  "  dead  weight  valve," 
or  one  in  which  the  weight  acts  directly  with  no  intervening 
lever. 

Safety  plates  are  now  becoming  generally  adopted.  These 
consist  of  a  sheet  of  copper  or  iron  rivetted  to  the  boiler,  and  of 
such  a  thickness  as  will  cause  it  to  give  way  to  a  pressure 
somewhat  greater  than  the  weight  of  the  column  of  water 
between  cistern  and  boiler,  which  it  is  ordinarily  called  upon  to  bear. 

The  following  general  rules,  which  are  within  the  reach  of  all, 
should  be  universally  adhered  to,  and  if  followed  the  possibility 
of  explosion  and  danger  to  life  would  be  reduced  to  a  minimum. 

(i.)  The  boiler  should  be  of  wrought  iron  properly  tested 
before  use. 

.  (2.)  The  boiler  should  be  periodically  inspected,  and  if  neces- 
sary cleaned. 

(3.)  The  pipes  in  connection  with  the  boiler  should  be  carried 
up  within  the  dwelling,  and  not  against  an  external 
wall. 

(4.)  The  cisterns  should  be  placed  in  a  position  easy  of  access, 
and  well  protected  from  frost. 

(5.)  And  that,  where  there  is  a  safety  valve,  it  should  be  such 
as  can  be  easily  adjusted,  and  of  a  description  sensitive 
to  variations  of  pressure ;  and  it  should  be  fixed  in  an 
accessible  place,  where  it  can  be  readily  taken  to  pieces 
and  refixed. 
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CHAPTER  IV. 

XXVni.  Definition  of  Sewage. — The  Sewage  Committee  of 
the  British  Association  have  declared  that  the  term  sewage 
applies  to  any  refuse  from  human  habitations  that  may  affect  the 
public  health  (J^zrs^  report  of  the  Sewage  Committee  of  the  British 
Assodatioji,  1869),  and  this  broad  acceptance  of  the  term  may  be 
fully  justified.* 

When  considering  the  work  of  the  engineer  in  relation  to  the 
dwelling,  it  will  be  better  to  divide  sewage  into  two  parts : 

*  Sewage  is  a  very  complex  liquid  ;  a  large  proportion  of  its  most  offensive 
matter  is  of  course  human  excrement  discharged  from  water-closets  and  privies, 
and  also  urine  thrown  down  gully-holes.  But  mixed  with  this  is  the  water 
from  kitchens  containing  vegetable,  animal,  and  other  refuse  ;  and  that  from 
the  washhouses  containing  soap  and  the  animal  matters  from  soiled  linen. 
There  is  also  the  drainage  from  stables  and  cow-houses,  and  that  from 
slaughter-houses  containing  animal  and  vegetable  offal.  In  cases  where 
privies  and  cesspools  are  used  instead  of  water-closets,  or  these  are  not  con- 
nected with  the  sewers,  there  is  still  a  large  proportion  of  human  refuse  in  the 
form  of  chamber  slops  and  urine.  In  fact  sewage  cannot  be  looked  upon  as 
composed  solely  of  human  excrement  diluted  with  water,  but  as  water  mixed 
with  a  vast  variety  of  matters,  some  held  in  suspension,  some  in  solution." — 
Rivers  Pollution  Co??wiissionc}-s. 
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ist  the  refuse  of  which  the  medium  of  removal  is  water;  and 
2nd  the  soHd  refuse  and  garbage  conveyed  to  the  ash-pit  or 
dust-bin,  and  the  excretal  contents  of  the  privy  or  outside  closet 
the  removal  of  which  may  be  effected  by  mixture  with  earth, 
ashes,  or  other  dry  material.  ,  u  .-u 

The  first  or  liquid  sewage  will  be  discharged  by  the  sewer ; 
the  second  or  soUd  refuse  will  be  removed  by  hand. 

The  excrementitious  products  of  domestic  animals  housed  in 
buildings,  etc.,  attached  to  dwellings  cannot  be  altogether 
excluded  from  consideration  ;  but  as  they  only  remotely  affect 
human  health,  and  are  generally  dealt  with  in  a  ready  and 
independent  manner,  much  reference  to  them  m  this  work  is 
not  necessary. 

XXIX.  The  Mode  of  disposing  of  the  Liquid  Sewage  to 

•BE  determined    BEFORE  LAYING    OUT  EXTERNAL  SeWERS.  In 

towns  and  villages,  where  an  available  system  of  sewers  and  sewage 
disposal  already  exists,  the  liquid  refuse  of  all  dwellings  should  be 
discharged  into  the  nearest  "  common  sewer  "  by  a  private  com? 
municating  sewer.  Its  ultimate  disposal  will  then  be  left  to  the 
sanitary  authority  of  the  district,  and  the  owner  of  the  dwelling 
will  thus  be  relieved  of  all  difficulty  on  that  question.  In  this 
case  the  direction  of  the  private  outfall  sewer  will  depend  upon 
whether  the  dwelling  stands  alone,  where  it  may  follow  any  course 
which  the  owner  may  direct,  or  whether  it  forms  one  of  several 
dwelhngs  where  a  combined  arrangement  designed  to  collect  the 
liquid  refuse  has  been  adopted.  As  already  stated,  in  thickly 
crowded  towns  the  passage  of  sewers  under  dwellings  cannot  be 
altogether  avoided,  though  much  may  be  done  by  combined  back 
arrangements,  in  the  way  pointed  out  by  Mr.  Rawlinson,  and 
exhibited  in  his  published  "  Suggestions,"  to  obviate  the  practice. 

In  essentially  rural  districts  where  dwellings  are  isolated,  the 
mode  of  disposal  not  having  been  pre-determined  by  a  local 
authority  assumes  a  much  more  difficult  aspect,  though  it  must  not 
be  taken  for  granted  that  isolation  means  exemption  from  statutable, 
obligations.  The  truth  of  this  remark  becomes  more  manifest 
direcdy  it  is  acknowledged  that  all  liquid  refuse  — come  from 
whence  it  may — must  be  cleansed  and  freed  from  polluting  matters 
before  it  finds  its  way  into  the  river  or  watercourse  which  nature 
has  provided  for  its  ultimate  reception. 

With  succeeding  Governments  hesitating  from  a  wish  in  no 
way  to  injuriously  affect  the  interests  of  local  trades,  to  protect 
those  streams  which  form  the  water  supply  of  localities,  there  is 
much  disinclination  on  the  part  of  country  gentlemen  and 
occupants  of  isolated  dwellings  in  rural  districts  to  acknowledge 
their  obligations  to  conform  to  the  sanitary  laws  ;  but  they  cannot 
be  long  evaded,  now  that  every  rural  district  acknowledges  a 
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sanitary  authority,  and  is  amenable  to  the  same  sanitary  law  that 
governs  large  communities. 

By  the  17th  clause  of  the  PubUc  Health  Act,  1875,  it  is 
enacted,  "That  nothing  in  that  Act  shall  authorise  any  local 
authority  to  make  or  use  any  sewer,  drain,  or  outfall  for  the 
purpose  of  conveying  sewage  or  filthy  water  into  any  natural 
stream  or  watercourse,  or  into  any  canal,  pond,  or  lake  until  such 
sewage  or  filthy  water  is  freed  from  all  excrementitious  or  other 
foul  or  noxious  matter."*  As  soon  as  the  obligation  imposed  by 
this  clause,  which  unfortunately  for  the  country  aims  negatively 
rather  than  positively  at  the  purification  of  rivers,  is  acknow- 
ledged in  rural  districts,  those  persons  occupying  isolated 
dwellings  will  discontinue  their  present*  mode  of  discharging  their 
liquid  refuse  either  into  filthy  cesspools  or  directly  into  streams. 
The  law  will,  in  truth,  be  enforced  by  inspectors  of  nuisances  when 
they  have  been  educated  to  their  duties,  or  by  medical  officers 
of  health,  who  will  become  more  vigilant  as  they  gain  experience, 
and  who  will  feel  bound  in  obedience  to  the  general  law  to  allow  of 
ho  exemptions. 

The  chief  question  to  be  solved,  therefore,  is  how  the  sewage 
of  isolated  dwellings  may  be  so  freed  of  noxious  matter  as  to  be 
admissible  into  rivers  or  watercourses. 

XXX.  Modes  of  Treatment  inapplicable  to  Isola- 
ted Dwellings. — The  various  processes  to  purify  sewage  by 
subsidence  or  chemical  precipitation  are,  even  if  applicable  to 
towns,  never  suitable  in  the  case  of  isolated  dwellings.  At  the  best, 
the  former  treatment  invariably,  and  the  latter  frequently,  would  only 
clarify  without  in  reality  purifying  the  liquid  sewage,  and  as  clarifi- 
cation is  not  the  only  proof  of  fitness  required  for  the  admission  of 
Hquids  into  running  streams,  it  will  be  obvious  that  no  occupant 
of  an  isolated  dwelling  would  be  justified  in  adopting  either. 

Chemical  processes  which  may  possibly  effect  purification 
involving  the  purchase  of  ingredients  and  careful  manipulation  must 
always  be  attended  with  considerable  expense,  which  is  not  recovered 
in  the  value  of  the  product,  and  though  a  large  community  may 
find  it  expedient  to  suffer  loss,  individuals  will  always  avoid  it  if 
they  can.  The  clarification  even  of  liquid  refuse  can  only  be 
maintained  by  the  aid  of  labourers  and  servants,  which  clarifica- 
tion may  at  any  time  fail,  subjecting  the  occupier  to  the  penalties 


*  By  the  Rivers  Pollution  Prevention  Act  (39  and  40  Vic.  c.  75)  which  has 
now  become  law,  it  is  laid  down  that  no  sewage  or  noxious  matter  shall  be 
discharged  into  a  river  or  watercourse  until  it  has  beer  freed  of  its  polluting 
ingredients  by  the  best  practical  and  available  means.  The  Commissioners  sug- 
gested that  effluent  sewage  to  be  admissible  into  rivers  (after  c'eansing)  should 
contain  not  more  per  100,000  parts  than  -3  of  organic  nitrogen  and  2  parts  of 
orsjanic  rarbon. 
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set  forth  in  the  69th  Section  of  the  Public  Health  Act,  1875. 
These  latter  observations  bear  greatly  on  the  question  because  every 
day's  practice  tends  to  show  how  little  reliance  can  be  placed  on 
service,  especially  when  employed  in  a  distasteiul  duty,  which 
labourers  are  glad  to  escape.  It  is  much  to  be  regretted  that  the 
Local  Government  Board  cannot  come  to  some  decision  after  the 
many  years'  experience  they  have  had  of  the  inefficacy  of  chemical 
and  mechanical  treatments  which  should  be  a  guide  to  house- 
holders who  are  desirous  of  doing  what  is  required  by  the  law. 

XXXI.  Modes  of  Treatment  available  for  Isolated 
Dwellings. — By  reading  the  interpretation  clause  of  the  Public 
Health  Act,  1875,  it  will  be  seen  that  the  Legislature  has 
not  helped  in  removing  the  difficulties  of  this  important  branch 
of  the  sewage  question,  for  it  contemplates  that  the  liquid  refuse 
of  isolated  dwellings  may  be  discharged  into  some  cesspool  or 
other  like  receptacle  (when  not  received  into  a  common  sewer), 
where  it  would  be  subjected  to  such  treatment  as  would  free  the 
occupants  of  liability  to  penalties  for  nuisance  or  river  pollution. 
What  that  treatment  shall  be,  under  the  various  conditions  which 
will  arise,  has  been  left  to  those  who  are  immediately  concerned. 
The  question,  in  fact,  has  been  studiously  avoided  up  to  this 
time  by  all  parties  alike,  and  the  disposition  of  individuals  to 
deal  with  it  has  therefore  gradually  become  less.  Can  this  be 
wondered  at  when  all  practical  minds  regard  "  cesspools,"  which 
the  Government  acknowledge,  as  evils  of  the  worst  order  ? 

If  the  sewage  be  taken  to  a  considerable  distance  from  the 
dweUing  to  a  "cesspool,"  sump,  or  other  like  receptacle  purposely 
made  to  allow  the  liquid  to  escape  out  of  it  into  a  porous  soil, 
such  as  the  chalk,  the  red  sandstone,  or  one  of  the  free  oolitic 
beds,  the  sewage  will  probably  soak  away  down  to  the  subterranean 
water  level  at  whatever  depth  it  may  be.  If  it  be  great,  no 
mischief  whatever  may  follow. 

If,  on  the  contrary,  the  water  level  be  near  the  surface,  then 
the  cesspool  and  its  unseen  outpourings — though  relieving  the 
occupier  of  the  dwelling  of  considerable  temporary  trouble — will 
remain  liable  to  all  the  objections  to  which  common  privy-cesspits 
are  admittedly  subject. 

In  many  instances  these  "dumb"  wells,  which  have  been 
adopted  in  a  great  number  of  places  where  the  sanitary  autho- 
rities of  urban  and  rural  districts  have  been  unable  or  un- 
willing to  cope  with  the  disposal  of  the  se  wage  of  their  districts, 
have  become  a  concentrated  evil  of  the  worst  description.  In 
instances  where  the  subsoil  is  of  a  character  not  to  absorb  the 
sewage— such  as  a  clay  soil— as  it  has  escaped  from  the  cesspool, 
the  occupier  has  been  compelled  to  lift  it  to  the  surface,  and 
distribute  it  by  hand  or  hose  over  grass,  arable,  or  garden  land 
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near  at  hand,  or  cart  it  away  to  a  distance.  This  treatment  is 
subject,  however,  to  the  irregularity  attending  all  manual  work, 
and  generally  results  in  a  nuisance. 

Where,  however,  the  grounds  attached  to  dwellings — especially 
country  mansions  and  large  institutions  —  are  sufficiently 
wide  in  area,  and  possess  surface  capabilities  to  allow  of  the 
application  of  the  sewage  direct  to  land,  without  the  same  depen- 
dence upon  personal  attention  as  in  the  treatment  to  which  I  have 
just  referred,  such  a  disposal  will  be  altogether  free  from  objection, 
— the  primary  condition  essential  to  success  being  that  the  whole 
liquid  dealt  with  shall  percolate  through  a  sufficient  quantity  and 
depth  of  soil  to  ensure  its  ultimate  discharge  in  a  cleansed 
condition.  To  ensure  this,  the  natural  or  artificial  under-drainage 
of  the  land  to  be  dealt  with  is  essential  whether  the  sewage  be 
applied  by  way  of  surface  irrigation  or  by  intermittent  downward 
filtration ;  and  clay  soils  should,  as  a  rule,  be  avoided,  though  with 
great  care  they  may  be  made  available. 

The  superficial  extent  of  land  which  it  may  be  desirable  to 
appropriate  to  the  purification  of  sewage  discharged  from  private 
dwellings  will  depend  upon  the  character  of  the  soil,  the  area  at 
command,  and  other  local  circumstances.  With  suitable  soils 
which  have  been  rendered  uniformly  percolative,  and  occupy  a 
favourable  position  in  relation  to  outfall,  &c.,  the  quantity  of  land 
utilized  may  be  increased  or  reduced,  and  irrigation  or  intermittent 
downward  filtration  adopted  just  as  it  may  be  found  expedient. 

Intermittent  downward  filtration  was  originated  by  Dr.  Edward 
Frankland,  F.R.S.,  who,  after  making  certain  laboratory  experi- 
ments, stated  that  a  cubic  yard  of  aerated  soil  would  satisfactorily 
cleanse,  so  as  to  be  admitted  into  a  running  stream,  from  4^  to 
10  gallons  of  sewage,  each  twenty-four  hours  according  to  the 
character  of  its  constituents.  This  result  he  declared  to  be  due 
to  the  fact  that  "  such  a  filter  is  not  a  mere  mechanical  contri- 
vance ;  it  is  a  machine  for  oxidizing,  and  thus  altogether  trans- 
forming, as  well  as  for  merely  separating  the  filth  of  dirty  water." 
If  intermittently  brought  into  use,  such  a  filter  performs  an  act  of 
respiration  "  copying  on  an  enormous  scale  the  lung  action  of  a 
breathing  animal,  for  it  is  alternately  receiving  and  respiring  air, 
and  thus  dealing  as  an  oxidizing  agent  with  the  filthy  fluid  which 
is  trickling  through  it." 

With  reference  to  intermittent  downward  filtration,  I  may  here 
state  that  Dr.  Frankland  declared  as  the  result  of  his  investigation 
that  the  sewage  of  3,300,  or  say  3,000,  persons  might  be  cleansed 
by  intermittent  filtration  through  one  acre  of  suitable  land  drained 
six  feet  deep,  but  that  the  process  would,  he  thought,  be  open  to 
certain  objections.  My  long  connection  with  agricultural  works 
of  all  kinds  enabled  me  to  appreciate  Dr.  Frankland's  theory.  I 
suggested  as  the  means  of  overcoming  the  objections  anticipated. 
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and  in  order  to  secure  an  undoubted  permanency  of  effect  and 
continued  freedom  from  everything  like  nuisance,  that  instead  of 
using  the  same  land  for  filtration  one  year  after  another,  it  should 
be  used  every  third  year,  so  as  to  give  two  years'  rest.  It  is  true 
that  this  rotation  necessitates  the  use  of  three  acres  instead  of  one 
for  3,300  persons,  i.e.,  one  acre  for  1,100  persons;  but  the 
increase  of  quantity  still  leaves  the  process  the  simplest  and 
cheapest  mode  of  purifying  sewage  hitherto  known,  and  one 
particularly  available  for  isolated  dwellings  and  institutions 
wherever  land  is  difficult  to  obtain, 

A  considerable  amount  of  practice  following  this  suggestion 
has  positively  shown  that  if  the  area  of  land  at  command  be 
limited,  any  quantity  not  less  in  proportion  than  one  acre  for 
1,000  persons  will  be  sufficient  for  the  perfect  cleansing  of  the 
liquid  refuse  discharged,  while  some  return  in  the  shape  of 
vegetables  or  grass  from  the  land  so  used  may  be  obtained.  If, 
however,  the  surface  available  be  unlimited,  the  sewage  may  be 
applied  by  way  of  surface  irrigation  in  the  proportion  of  one  acre 
for  100  persons,  with  the  probability  of  a  more  profitable  return 
from  the  vegetables  grown  than  in  the  other  case.  Any  quantity 
of  land  between  these  two  extremes  which  the  circumstances  may 
l^rescribe  may  be  utilized  with  satisfactory  effect. 

With  these  facts  before  us,  it  can  be  well  understood  that  such 
is  the  purifying  power  of  natural  soil  where  sewage  percolates 
evenly  through  it,  that  it  is  not  at  all  impossible  that  the  area  of 
land  which  would  suffice  to  free  the  liquid  refuse  of  a  large 
mansion  from  all  foul  or  noxious  matter,  and  render  it  fit  to  be 
discharged  into  any  natural  stream  or  watercourse,  need  be  but  a 
very  few  poles,  if  that  area  is  specially  prepared  for  the  purpose. 

I  can  bring  under  your  notice  a  very  good  illustration  of  what 
can  be  done  in  this  way  in  the  form  of  a  letter  which  I  received 
from  Baron  von  Liebig,  very  shortly  before  his  death.  It  tells  its 
own  tale  so  well  that  I  will  give  the  translation  of  it  without 
further  preface. 

"  Receive  my  best  thanks  for  your  letter  of  the  3rd  instant,  and 
for  the  paper  on  Intermittent  Filtration  through  Natural  Soil. 
I  have  read  this  with  great  pleasure  and  real  satisfaction.  You 
have  utilized  in  the  most  effective  way  for  the  service  of  popula- 
tions the  natural  law  which  I  laid  down  in  my  book,  the  Natural 
Laws  of  Husbandry,  pp.  113  and  114.  Your  plan  for  the 
purification  of  liquid  sewage  and  the  removal  of  its  injurious 
qualities,  as  well  as  the  technical  execution  of  the  plan,  and  the 
use  of  sewage  as  manure,  are  alike  excellent,  and  I  only  wish  that 
use  may  be  made  of  it  in  other  places.  In  Silesia  for  some  years 
past  the  best  use  has  been  made  of  your  principles  in  the  Beet- 
root Sugar  Manufactory  of  Herr  von  Rath.  In  the  neighbourhood 
where  this  manufactory  is  situated  there  is  a  want  of  spring  water 
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and  of  water  generally,  and  this  want  has  called  forth  the  following 
arrangement.  All  water  that  has  been  used  in  the  manufactory, 
and  generally  all  waste  or  foul  liquids,  are  discharged  on  to  a  well- 
drained  piece  of  land  close  at  hand,  and  the  filtered  effluent  water 
is  collected  in  a  well.  It  is  pure  and  clear,  and  it  is  again  raised 
by  a  pump,  and  used  in  the  manufactory  as  fresh  water.  Enormous 
crops  of  grass  are  obtained  from  the  piece  of  land  which  serves 
for  filtration." 

In  order  to  avoid  even  the  idea  of  nuisance,  the  land  selected 
for  sewage  treatment  should  be  situated  at  a  distance  of  two 
furlongs  or  more  from  the  dwelling,  though  in  the  cases  of  certain 
public  asylums  and  hospitals  much  less  than  that  distance  has 
been  found  by  experience  to  be  quite  sufficient. 

XXXII. — Means  of  Collecting  the  Liquid  Sewage  of 
THE  Dwelling,  and  of  Regulating  its  Distribution  over 
Land. — The  great,  if  not  the  only  difficulty  which  is  practically 
experienced  in  disposing  of  the  liquid  sewage  of  isolated  dwellings, 
institutions,  and  villages  upon  land,  is  that  due  to  the  irregular 
and  comparatively  small  outflow  which  at  different  times  of  the 
day  is  discharged  from  them,  and  which  has  rendered  it  necessary 
to  devise  a  means  of  collecting  the  sewage  and  deaHng  with  it  in 
fixed  quantities.  It  was  with  this  object  that  I  devised  the 
Automatic  Regulator  in  order  to  utilize  the  sewage  on  the  surface 
of  land,  and  as  I  know  of  no  other  arrangement  by  which  this 
important  duty  is  accomplished  I  will  shortly  describe  it.  _  It 
consists  of  a  tank  (singly,  or  in  duplicate,  as  in  the  illustration. 
Fig.  2)  of  such  capacity  as  to  hold  either  the  third,  or  the  half,  or 
the  whole  of  the  sewage  discharged  each  day  from  the  dwelling, 
the  quantity  to  be  collected  being  determined  by  the  character 
and  amount  of  sewage  to  be  dealt  with  in  the  day.  The  land  to 
'  receive  and  absorb  this  quantity  of  sewage  must  be  at  such  a  level 
below  the  outlet  from  the  tank  {see  Fig.  2a),  and  so  prepared  as  to 
allow  of  its  being  distributed  evenly  over  the  surface.  The  tank 
itself  should  be  as  deep  as  can  be  arranged,  for  the  deeper  it  is 
the  less  will  be  the  superficial  space  it  will  occupy,  and  the  less 
chance  there  will  be  of  escape  of  effluvium. 

To  effect  the  discharge  of  the  contents  of  the  tank  automatically 
at  any  time  of  the  day  or  night,  a  syphon  or  float  {see  letter  F)  is 
fixed  in  it,  which  must  come  into  action  directly  the  sewage  rises 
above  its  crown.  Thus  the  water  is  delivered  to  the  land  m  equal 
quantities  and  at  desirable  intervals.  Where  necessary  the  soil 
should  be  carefully  under-drained  and  prepared,  so  as  to  secure 
thorough  filtration  and  consequent  oxidation  of  the  liquid. 

With  this  system  the  smallest  amount  of  labour  is  required, 
occasional  supervision  only  being  required  to  keep  the  screens  m 
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the  chamber  B  clear,  to  remove  any  sludge  that  may  accumulate, 
and  attend  to  the  distribution  of  the  water. 


Fig,  2. 
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Fig.  2a. 


A  Village  or  Mansion. 
B  Outfall  Sewer. 
C  Regulator. 

D  Sewage  Delivering  Conduit. 


E  Land  to  which  sewage  if  applied. 
F  Under-drain. 

G  Outfall  stream  or  watercourse.  • 


The  regulator  has  now  been  in  successful  operation  at  various 
villages  and  mansions  in  different  parts  of  the  country  for  several 
years,  and  until  recently  it  has  been  fitted  with  either  the  ordinary 
syphon,  or  a  float  which  comes  into  action  in  a  similar  manner  to 
the  syphon.  But  latterly  it  has  been  found  that  Mr.  Rogers 
Field's  annular  syphon  {see  Fig.  19),  which  experience  has  proved 
to  be  free  from  certain  irregularities  to  which  both  the  former 
contrivances  were  occasionally  liable,  can  be  usefully  substituted 
in  their  place. 

XXXIII. — Reasons  why  Sub-irrigation  of  Land  should  be 
AVOIDED. —Sub-irrigation  has  been  suggested  as  another  means  of 
disposing  of  the  sewage  of  dwellings.  It  has  been  received  with 
favour  by  some  persons  and  has  been  adopted  on  free  soils  with 
apparent  success,  but  as  the  liquid  is  distributed  through  the 
subsoil  by  underground  pipes  which  are  out  of  sight,  the  process 
is  liable  to  objections  which  sanitarians  cannot  fail  to  recognise 
and  appreciate. 

The  foremost  of  these  objections  is  the  fact  that  the  dis- 
tributing pipes  must  sooner  or  later  become  choked  with  the 
minute  solid  matters  held  by  the  liquid  refuse  in  suspension,  and 
when  this  is  the  case  an  "excrement  sodden"  condition  of  soil  is 
produced.  A  stoppage  can  only  be  detected  by  positive  signs  of 
wetness  on  the  surface,  and  not  until  the  evils  produced  by  exhala- 
tions from  excrementitious  matter  may  have  gained  an  ascendency. 
Mr.  Rogers  Field  has  done  much  to  overcome  these  objections. 
The  drains  by  which  he  effects  the  distribution  of  the  liquid 
consist  of  common  agricultural  drain  pipes  laid  some  10  or  12 
inches  below  the  surface  on  a  continuous  bed  of  larger  half- 

This  bed  is  not  disturbed  when  the  pipes  are  taken  up  to  be 
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cleaned,  which  ensures  their  being  readily  re-laid  in  true  position 
The  sewage  flows  out  of  the  joints  into  the  soil  and  feeds  the 
vegetation,  and  the  concentration  of  the  flow  effected  by  the 
sudden  discharge  of  a  regulator  or  flush  tank  with  which  the  pipes 
are  connected,  forces  the  liquid  rapidly  along  them. 

Sub-irrigation,  however,  is  a  process  faulty  in  principle,  as  it 
feeds  vegetation  by  the  upward  rising  of  moisture,  accompanied  by 
evaporation  with  all  the  chilling  influences  which  are  so  injurious  to 
vegetation  as  well  as  to  human  beings. 

In  deference,  however,  to  the  wide  experience  of  Mr.  Rogers 
Field,  and  to  the  practical  results  obtained  by  Mr.  Waring,^  of 
Newport,  U.S.A.,  who  has  adopted  this  means  of  sewage  utiliza- 
tion in  various  instances  in  America,  it  is  only  right  to  append  an 
extract  from  one  of  this  last-named  gentleman's  letters  on  this 
subject. 

In  it  he  says,  "  I  am  carrying  out  the  principles  of  sewage 
utilization  here  to  some  extent,  not,  however,  in  surface  irrigation, 
but  in  the  distribution  of  screened  sewage  by  means  of  flush  tanks 
of  larger  capacity,  and  of  sub-irrigation  by  draining  tiles  laid  about 
ID  inches  below  the  surface  of  the  ground.  Some  of  this  work 
dates  back  to  1869,  and  in  one  instance  I  have  disposed  in  this 
manner  of  the  sewage  of  a  village  of  about  1,500  inhabitants;  and 
in  another  of  the  outflow  of  a  prison  producing  about  30,000 
gallons  per  day.  In  every  instance  the  result  has  been  most 
satisfactory,  and  I  have  large  works  of  the  same  character  now  in 
hand." 

XXXIV. — As  TO  THE  Removal  of  Solid  Refuse. — The  solid 
portions  of  the  sewage  of  all  well-ordered  dwellings,  whether  they 
stand  singly  or  in  the  street  of  a  town,  consisting  of  animal  and  vege- 
table refuse,  dust,  ashes,  and  other  substances  forming kilchen  waste, 
as  well  as  the  excretal  refuse  from  earth  closets,  require  only  careful 
collection  and  frequent  periodical  removal  to  render  them  free 
from  nuisance.  If  this  work  is  performed  by  a  public  scavenger, 
under  the  directions  of  an  urban  or  rural  sanitary  authority  with 
proper  facilities  for  collection,  the  duty  may  be  thoroughly  and 
readily  performed  ;  but  in  the  absence  of  systematic  arrangements, 
whether  public  or  private,  evils  will  arise  of  the  worst  character. 
In  isolated  dwellings,  where  pigs  are  kept  at  some  distance  from 
them,  and  where  gardens  exist  for  the  profitable  application  of 
manure,  but  little  difiiculty  need  be  experienced,  though  it  should 
be  borne  in  mind  that  nothing  is  more  offensive  than  pig-styes 
badly  attended  to  withm  reach  of  the  olfactory  organs.  Manure 
from  stables  and  cowhouses,  as  well  as  that  produced  by 
other  animals,  as  rabbits,  goats,  &c.,  if  properly  collected  and 
Dreserved,  being  the  product  of  graniverous  animals,  need  never  be 
a  source  of  injury  to  health,     fhe  same,  however,  cannot  be  said 
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of  the  washing  of  dog-kennels,  than  which  few  things  can  be  more 
pernicious.    Good  trapping  and  frecjuent  flushing  are  essential. 

Pits  for  the  collection  of  household  garbage  before  removal 
should  never  be  built  of  a  size  larger  than  necessary  for  the 
requirements  of  the  dwelling,  and  they  should  be  situated  in 
accessible  places  to  facilitate  removal.  In  every  case  they  should 
be  well  covered  over  to  shield  the  contents  from  the  sun  and  rain, 
as  they  emit  but  little  smell  so  long  as  they  are  kept  free  from 
moisture.  In  town  houses  the  periodical  and  frequent  emptying 
of  ash-pits  is  indispensable.  All  ashpits  should  be  built  of  non- 
absorbent  bricks  or  stone.  The  floor  should  never  be  below  the 
ground  level,  and  should  be  paved  with  a  hard  material. 

A  receptacle  for  the  collection  of  ashes,  separate  from  that  for 
kitchen  refuse,  is  most  useful.  It  should  be  fitted  with  a  screen  to 
sift  out  those  ashes  which  are  capable  of  re-burning. 

As  before  stated,  the  excretal  refuse  from  earth  closets  should 
be  removed  with  rigid  regularity,  and  where  there  is  no  proper 
receptacle  for  collection,  and  no  real  means  of  removal,  it  should 
be  dug  into  the  soil  and  so  utilized,  though  its  fertilizing  value  is 
very  trifling. 

XXXV. — The  Outfall  Sewer  of  the  Dwelling. — This 
sewer  by  which  the  liquid  refuse  of  the  dwelling  is  discharged  into 
the  public  (common)  sewer,  or  into  the  "  cesspool  or  other  like 
receptacle  "  (such  as  the  regulator  just  described),  should  conform 
to  the  following  conditions  : — 

(i.)  Construction.  should  be  constructed  of  stoneware  or 
earthenware  glazed  pipes,  jointed  in  such  a  manner  as  to  form  a 
perfectly  watertight  conduit,  resisting  alike  the  influx  of  subsoil 
water  into  it,  and  the  efflux  of  sewage  out  of  it,  and  resisting  also 
the  intrusion  of  the  roots  of  shrubs  and  trees,_which  manage  in  the 
most  extraordinary  manner  to  find  a  passage  into  both  sewers  and 
drains  through  the  joints.  Puddled  clay,  contrary  to_  general 
belief,  fails  to  secure  a  perfect  joint  near  roots  which  run  in  search 
of  water^  and.it  alsQ  fails  where  the  pipes  are  laid  in  a  dry  soil  in 
'  which  drought  and  evaporation  will  cause  the  clay  to  crack  and  to 
^9,5troy  its  ^aiertight  condition.  Its  use  is  as  equally  objection- 
able in  rdftuhtry  mansion  as  iii  a  town  house.  When  cement  is 
used,  too  great  care  cannot  be  exercised  to  prevent  crackmg,  as 
minute  rootlets  creep  through  the  least  fissures.  Tarred  gaskm 
and  cement  are  probably  the  best  materials  for  rendering  ordmary 
socket  joints  watertight,  and  at  the  same  time  capable  of  resistmg 
the  intnision  of  treeVoots  if  supplemented  by  a  band  of  concrete. 

There,  are  several  descriptions  of  pipes  with  jointmg  material 
attached  to  them— the  object  of  which  is  to  obviate  the  necessity  of 
using  either  cement  or  clay  in  securing  a  watertight  condition. 
The  material  is  a  bituminous  compound  (amalgam)  which  is  cast  in 
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rings  upon  the  pipe,  and  being  in  true  circle,  if  carefully  laid,  the 
junction  of  one  pipe  with  another  is  readily  effected. 

Those  known  as  ''Stanford's  Patent  Joint  Pipes"  have  much 
to  recommend  them.  It  is  the  practice  when  using  them  to  grease 
the  joints  and  by  a  twist  of  the  pipe  to  fit  them  closely  together. 
Fig.  3  shows  these  pipes. 

Fig.  3. 


There  is  a  description  of  pipe  having  the  same  kmd  of 
material  for  the  joint,  distinguished  as  "  Roberts'  Patent  Jomt," 
"  constructed  on  the  principle  of  the  wedge  "  {see  Fig.  4)-  Each 
joint  is  covered  by  a  collar  Hned  with  the  amalgam,  which  is 
passed  over  the  ends  of  the  pipes  required  to  be  connected. 
The  ends  of  the  pipes  are  also  loaded  with  the  same  material 
moulded  in  a  reverse  direction  to  that  in  the  interior  of  the 
collar.  The  collar  can  be  removed  without  breaking  the  pipes, 
and  by  simply  sHding  it  back  any  junction  can  be  made  at  a 


trifling  cost. 


Fig.  4. 
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And  there  is  a  mode  of  securing  a  watertight  junction  in  which 
the  material  used  is  liquid  cement.  The  invention  is  best  explained 
by  the  illustration,  Fig.  5  ;  and  its  advantages  are  stated  to  consist 
in  the  junctions  being  less  costly  than  other  watertight  joints, 
whilst  they  are  also  as  applicable  to  gas  and  water  as  to  sewage. 
The  patentee  declares  that  the  joints  of  15  inch  stoneware  pipes 
have  been  tested  up  to  200  feet  head  of  water,  equal  to  86  lb. 
pressure  on  the  square  inch,  without  the  least  sign  of  giving. 


To  provide  a  means  of  removing  obstructions  and  to  effect 
junctions  in  pipe  sewers  after  they  are  laid,  some  engineers  recom- 
mend the  laying  of  half  pipes  with  half  sockets,  and  in  exceptional 
cases  where  clay  puddle  may  be  advantageously  used  instead  of 
cement  they  may  be  in  their  proper  place  ;  but  seeing  that  the 
halves  must  conform  to  the  same  watertight  condition  as  the  rest 
of  the  sewer,  it  is  obvious  that  they  are  inapplicable  when  the 
jointing  material  is  cement. 

The  advantage  of  a  watertight  sewer  will  commend  itself  to  the 
occupiers  of  dwellings  by  the  fact  that  if  the  sewage  finds  its  way 
out  of  an  imperfectly  constructed  sewer,  the  sedimentary  particles 
will  be  left  behind  in  the  sewers  to  collect  in,  and  ultimately  choke, 
up  the  pipes. 

(2.)  Position  or  Course. — It  should  in  no  case,  where  it  can 
easily  be  avoided,  pass  under  the  dwelling.  Where,  however, 
in  crowded  towns  this  cannot  be  avoided  it  should,  if  possible,  be 
laid  under  a  passage  or  paved  floor,  and  it  should  be  bedded  in'' 
concrete  and  provided  with  a  ready  means  of  inspection  without 
breaking  the  pipes,  by  means  of  lidded  or  capped  pipes.  Any 
sewer  thus  passing  under  the  dwelling,  should  be  carried  com- 
pletely through  from  outside  to  outside,  having  at  each  end  a  trap^ 
with  grated  covering,  so  as  to  gain  thorough  ventilation,  i.e.,  a 
passage  of  air  along  its  entire  length.  At  the  upper  end  it  may 
also,  where  practicable,  be  provided  with  a  means  of  flushing  in 
order  to  keep  the  pipes  clear  of  deposit,  and  the  pipes  themselves 
should  be  carefully  relieved  from  pressure  by  arches  when  passing 
under  walls. 

The  course  of  the  private  outfall  sewer  from  the  dwelling 
should  be  as  direct  as  possible,  and  where  one  line  cannot  be 
adopted,  it  should  consist  of  straight  lines  from  angle  to  angle,  at 
each  of  which  an  inspection  and  ventilation  shaft,  or  covered 
sump,  should  be  provided.  Care  should  be  taken,  by  the  use  of 
concrete  or  by  other  expedients,  to  prevent  the  sinking  of  any  of 
the  pipes  in  infirm  soils  and  to  sustain  true  line  of  continuity.  A 
faulty  sewer  close  to  a  dwelling  is  always  to  be  dreaded  from  the 
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Fig.  6.  circumstance  that  the  inner  warmth  of  the  dwel- 
Hng  will  draw  in  any  noxious  gas  existing  in  the 
sewer  through  the  fault  itself  The  union  of  the 
private  communicating  sewers  with  the  common  or 
outfall  sewer  should  be  effected  by  a  curved  junc- 
tion {see  Fig;  6),  so  that  the  sewage  should  be 
delivered  to  the  common  sewer  in  the  direction  of 
the  main  current,  and  where  possible  at  a  sufficient 
height  above  the  level  of  the  ordinary  flow  of 
sewage,  so  as  to  prevent  the  sewage  being  "backed" 
or  forced  into  them  from  the  common  sewer. 

(3.)  Inclination  and  Velocity . — It  should  be  laid  with  an 
inclination  which  will  secure  for  its  contents  a  velocity  of  not  less 
than  three  feet,  and  not  more  than  ten  feet  per  second  wherever 
those  hmits  can  be  regarded.  Where  a  less  velocity  than  three 
feet  per  second  can  only  be  obtained,  more  than  ordinary  care 
must  be  exercised  to  secure  the  best  formed  and  best  glazed 
pipes,  in  order  to  prevent  the  adhesion  of  soHd  matter  to  the 
sides  of  the  pipes.  Where  it  is  not  possible  to  procure  the  desired 
velocity  for  the  ordinary  flow  of  the  sewage  to  be  discharged,  an 
effective  and  special  means  of  flushing  must  be  provided,  which 
should  be  automatic  in  its  action  if  possible. 

(4.)  Size. — It  need  not  exceed  six  inches  in  diameter,  except  in 
very  large  establishments  or  institutions  containing  a  large  number 
of  inmates,  when  nine-inch  pipes,  or  pipes  of  an  intermediate  size, 
may  better  answer  the  purpose. 

The  following  table,  giving  the  velocity  and  discharge  of 
different  sized  sewers  laid  with  different  inclinations  and  running 
full  will  be  suggestively  useful : — 


a; 

Velocity, 

Velocity, 

Velocity, 

Velocity, 

Diameter  of  j 
Inches. 

3  ft-  per 

second. 

4^  ft.  per  second. 

6  ft.  per 

second. 

9  ft.  per  second. 

Fall. 

Discharge 
per 
minute. 

Fall. 

Discharge 
per 
minute. 

Fall. 

Discharge 
per 
minute. 

Fall. 

Discharge 
per 
minute. 

gallons. 

gallons. 

gallons. 

gallons. 

3 

1  in  69 

54 

I  in  30  "4 

81 -o 

I  in  17-2 

108 

1  in  7-6 

lf2 

4 

1  in  92 

96 

I  in  4o'8 

144-0 

I  in  23-0 

192 

I  in  io'2 

283 

e 

I  in  138 

216 

I  in  61  "2 

324-0 

I  in  34-5 

432 

I  in  15-3 

648 

9 

1  in  207 

495 

I  in  92*0 

742-5 

I  in  51-7 

990 

I  in  23-0 

1,485 

12 

I  in  276 

876 

I  in  122*4 

i,3H'o 

I  in  69-0 

1.752 

I  in  30-6 

2,628 

The  above  table  will  help  to  fix  the  size  of  pipes  used  for 
dwellings,  the  engineer  making  such  deduction  or  allowance  as 
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the  special  conditions  of  each  case  may  demand.  In  applying  the 
table  practically,  reference  should,  of  course,  be  had  to  the  maxi- 
mum rate  of  outflow  which  may  take  place  at  any  time  of  the  day. 
It  will  be  observed  that  the  number  of  gallons  which  the  different 
pipes  are  capable  of  discharging  in  a  minute,  when  running  full  at 
the  different  inclinations  specified,  will  often  exceed  the  total 
quantity  of  sewage  to  be  discharged  from  a  dwelling  in  the  whole 
of  the  day,  and  yet  it  may  be  desirable  to  use  a  pipe  with  such 
excessive  capabilities  of  discharge. 

(5.)  Inspection  Shafts. — Where  it  is  of  considerable  length,  and 
follows  a  favourable  course,  inspection  shafts  will  be  found  useful 
for  observing  the  flow  of  sewage,  and  for  ventilating  the  sewer 
itself.  They  may  be  constructed  in  brickwork,  or  of  pipes  rising 
to  the  surface  and  fitted  with  cast  iron  covers.  Care  is  necessary  in 
placing  these  shafts,  so  as  to  avoid  the  objection  of  an  escape  of 
gases  in  frequented  places,  or  they  may  become  a  nuisance  instead 
of  a  benefit. 

(6.)  Disconnection  front  Public  Sewer  or  Cesspool. — In  the 
course  of  the  outfall  sewer  below  its  lowest  junction  with  the 
dwelling,  a  chamber  for  its  ventilation  fitted  with  proper  trapped 
arrangement  for  disconnection  from  the  public  or  common  sewer 
(if  there  be  one)  or  from  any  "  cesspool  or  other  like  receptacle  " 
into  which  the  sewage  may  be  discharged,  should  be  constructed 
in  order  to  prevent  the  uprising  of  the  sewer  gas  from  beyond. 
Several  attempts  have  been  made  to  devise  a  chamber  generally 
applicable  which  shall  effect  this  disconnection,  but  the  attendant 
circumstances  vary  so  much  in  different  cases  that  no  one  shape  of 
chamber  can  be  universally  adopted,  though  the  object  of  all  is  to 
exclude  outside  gases  and  effluvium  by  the  best  description  of  trap, 
and  to  admit  air  on  the  dwelling  side  of  it,  which  shall  pass 
through  the  outfall  sewer  to  find  outlet  by  soil  pipe,  or  by  a 
separate  ventilating  pipe  fixed  for  the  purpose  at  its  head. 

Messrs.  Doulton  show  in  their  catalogue  an  air  chamber 
manufactured  by  them  for  Dr.  Corfield,  Professor  of  Hygiene  at 
the  Parkes  Museum,  and  Mr.  Judge,  Curator  of  the  same  Museum. 
The  plan,  however,  though  it  aims  at  a  good  object,  presents 
several  features  of  an  objectionable  character. 

For  pipe  sewers  of  various  sizes,  where  sufficient  fall  is  avail- 
able, Mr.  Hellyer,  of  Newcasde  Street,  Strand,  has  invented  a  good 
means  of  disconnection  {see  Fig.  7).  Here,  as  maybe  judged  from 
the  illustration,  the  disconnection  is  satisfactorily  effected  by  means 
of  a  watertight  seal  of  at  least  3  inches  deep,  and  the  discharge 
from  the  "house  sewer"  above  is  made  to  fall  witli  a  vertical 
pressure  upon  the  water  in  the  trap  below  which  is  thus  with 
more  certainty  driven  out  by  the  periodical  flushes  from  above, 
than  with  flatter  and  therefore  more  sluggish  syphon  traps. 

In  areas  or  elsewhere  where  a  grated  covering  to  the  chamber 
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Fig.  7. 


-would  be  objectionable —inasmuch  as  effluvium  might  rise  from 
it,  and  under  certain  conditions  would  find  its  way  by  the  lower 
windows  into  the  house —an  air-tight  lid  or  stone  cover_  should 
take  the  place  of  the  grating,  whilst  the  air  should  be  admitted  by 
a  pipe  rising  from  the  chamber  up  the  area  wall,  or  by  some  other 
suitable  means,  to  which  may  be  attached  a  self-acting  light  flap 

.  hung  on  Dr.  Arnott's  principle  to  admit  air  from  without,  and 
prevent  any  escape  from  within.  Mr.  Dyer,  of  Camden  Town,  has 
applied  this  arrangement  very  skilfully.  It  is  asserted,  however,, 
by  some  experts  that  if  there  be  a  ventilating  pipe  to  the  sewer, 
and  that  pipe  is  provided  with  an  exhaust  cowl,  no  such  artificial 
method  of  preventing  the  escape  of  air  at  the  base  is  necessary ; 
but  I  am  unable  to  concur  with  this  assertion. 

XXXVI. — Traps. — Before  bringing  under  notice  the  different 
classes  of  appliances  with  which  it  is  necessary  that  all  persons 
aiming  at  healthy  homes  should  be  acquainted,  it  should  be 
understood  that  the  specimens  figured  in  the  following  pages 
are  intended  rather  to  illustrate  different  requirements,  and  the 
means  by  which  they  may  be  met,  than  to  convey  any 
preference  of  particular  designs.  The  objects  shown  at  the 
Museum  of  Hygiene,  and  at  the  country  meetings  of  the 
Sanitary  Institute  of  Great  Britain,  as  .well  as  at  other  occasional 
exhibitions,  show  very  clearly  the  progress  made  in  the  mechanical 
branches  of  sanitary  science,  and  if  the  opinions  of  the  judges 
were  published  to  justify  the  award  of  prizes  or  medals  then 
given,  they  would  be  of  great  public  utifity,  as  they  would  indicate 
not  only  the  special  advantages  the  selected  appliances  possess, 
but  they  would  show  the  progress  made  in  each  class  of  exhibits. 
This  course  has  been  most  usefully  adopted  by  the  Royal 
Agricultural  Society  of  England  at  their  shows.  As  the  practice 
now  prevails,  the  judges  upon  whose  dictum  medals  are  granted, 
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and  awards  given  in  the  name  of  the  Sanitary  Institute  and  other 
pubhc  associations,  have  been  generally  personally  interested  either 
as  inventors  themselves  or  as  professional  advisers,  and  their 
judgments  therefore  carry  litde  weight.  They  have  not  given 
the  public  the  benefit  of  the  reason  upon  which  their  preferences 
have  been  based,  and  the  consequence  has  been  that  selected 
appliances  stamped  with  such  approval  have  hitherto  been  regarded 
as  simply  commanding  the  individual  preference  of  judges  who 
are  themselves  competitors  for  public  support. 

Traps  used  in  the  external  sewerage  of  dwellings  may  be  thus 
divided:  (i)  soil-pipe ' traps  ;  (2)  sink  traps;  and  (3)  yard  or  road 
traps. 

(i.)  Soil  Pipe  Traps. — Some  sanitarians  consider  it  desirable  to 
disconnect  the  soil  pipes  of  water-closets  from  the  outfall  sewer  of 
the  dwelling  by  means  of  traps,  which  afford  ventilation  at  their 
base.  There  is,  however,  so  much  probability  of  an  evil  or 
annoyance  arising  sooner  or  later  from  the  adoption  of  this  plan, 
that  in  spite  of  the  arguments  used  in  its  favour,  it  would  seem 
better  in  most  cases  not  to  break  the  continuity  of  the  soil  pipe 
directly  at  its  base,  but  to  trust  entirely  to  well  devised  trapping 
in  the  closet  with  proper  ventilation  above  of  both  the  soil  pipe 
and  the  closet  trap.  With  the  usual  disconnecting  chamber  in  an 
unobjectionable  position  with  its  inlet  of  fresh  air,  the  escape  of 
gas  from  the  main  sewer  into  the  dwelling  is  prevented,  and  the 
water  in  the  closet  pan  cannot  become  foetid. 

Where,  however,  the  disconnection  of  the  soil  pipe  direcdy 
at  its  base  is  insisted  upon,  either  of  the  traps  figured  8  and  9  are 
applicable. 

Fig.  8. 


Fig.  8  is  manufactured  by  Messrs.  Potts  and  Co.,  of  Handsworth, 
near  Birmingham,  and  thus  described  by  the  inventors  : — 
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A  is  an  air-chamber  2  ft.  6  in.  or  3  ft.  long.  £  is  the  soil  pipe  from  closet. 
C  C  Cshovvs  the  course  of  soil  through  trap  to  sewer.  D  is  an  ordinary  water 
valve  or  syphon.  E  E  is  an  open  grating  raised  two  or  three  inches  above  the 
ground  level,  having  a  second  grating  or  tray  below  it,  on  which  charcoal  or 
other  disinfectants  may  be  placed.  ^  is  a  pipe  reaching  to  the  roof,  about  two 
inches  diameter  ;  this  pipe  is  so  fitted  to  the  trap  that  it  can,  if  desired,  be 
luted  with  sand  or  plaster,  so  as  to  admit  of  its  being  readily  raised  to  give 
access  to  the  pipes  for  clearing  purposes.  H  H  lower  portion  of  joint  for  pipe 
F,  showing  opening  to  trap.  (7  is  a  division  plate  or  diaphragm,  dividing  the 
air-chamber  into  two  parts  ;  it  assists  in  directing  the  gas  out  of  the  chamber 
A,  and  acts  so  as  to  create  a  current  of  air  through  the  trap.  Z  is  a  pipe 
joining  the  soil  pipe  by  a  junction  before  it  enters  the  air-chamber. 

The  trap  should,  where  practicable,  be  placed  parallel  to  the 
wall  of  the  house,  and  the  soil  pipe  should  l)e  so  arranged  as  to 
enter  into  the  air-chamber  as  shown  in  the  wood-cut ;  this  can  be 
effected  by  turning  the  end  of  the  soil  pipe,  even  when  the  sewer 
follows  a  course  at  right  angles  to  the  wall  of  the  house.  It  does 
not  interfere  with  the  action  of  the  trap  if  the  soil  pipe  enters  the 
air  chamber  at  the  side,  but  it  is  not  so  good  for  flushing 
purposes. 

Housemaid's  sink  or  waste-water  pipes  may  enter  at  the  side,  and 
where  more  than  one  closet  is  connected  with  the  trap,  the 
connection  may  be  made  at  the  sides.  The  pipe  so  connected  should 
be  obliquely  inclined  towards  the  bottom  of  the  trap  and  sewer.  It 
is  imperatively  necessary  that  the  grating  E  E  should  stand  a  little 
above  the  ground  level  and  be  open  to  the  air ;  it  matters  not  how 
much,  provided  it  be  not  less  than  2  or  3  inches,  so  as  to  prevent 
the  admission  of  gravel  or  sand  with  surface  waters.  In  cases 
where  it  has  to  be  fixed  to  pipes  much  below  the  ground  line,  it  is 
necessary  to  build  up  the  sides  of  the  air-chamber  until  they  reach 
2  or  3  inches  above  the  surface.  This  is  readily  done  by  slabs  of 
slate,  stone,  or  brick  (the.  former  are  best)  on  which  the  grids  may 
be  placed.  It  is  absolutely  necessary  to  leave  the  top  of  the  air- 
chamber  open  to  the  air,  whatever  may  be  the  depth  at  which  it  is 
fixed. 

Fig.  9  shows  one  of  Buchan's  (of 
Renfrew  Street,  Glasgow)  traps. 

Mr.  Buchan  states  that  an  ad- 
vantage is  gained  by  the  liquid  being 
made  to  fall  over  a  sharp  edge  from 
A  into  the  trap,  whereby  any  foecal 
matter  descending  from  A  into  the 
outfall  sewer  will  be  broken  up  and 
washed  forward.  A  means  is  pro- 
vided at  C  for  the  admission  of  fresh 

air  into  the  soil  pipe,  and  for  clearing  the  trap  at  D,  if  any 
stoppage  occurs. 

(2.)  Sink  Traps.— \i  is  now  universally  recognized  that  all  pipes 
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discharging  the  liquid  refuse  of  the  dwelling  from  either  scullery, 
butler's  pantry,  or  housemaid's  room,  and  where  possible  from  the 
lavatory  or  bath-room,  should  be  disconnected  from  the  outfall 
sewer,  and  that  this  should  be  done  by  a  break  outside  the  dwelling. 
Numerous  traps  have  been  invented  to  secure  this  object,  which  at 
a  small  cost  effectually  prevent  the  influx  of  effluvium.  In  some  the 
liquid  as  it  is  discharged  is  made  to  fall  upo7i  the  grated  covering  of 
the  trap,  in  order  that  those  coarser  materials  which  are  often  thrown 
down  sinks,  and  which,  if  admitted  into  the  sewer,  would  help  to 
choke  it,  may,  as  already  stated,  be  intercepted  and  removed  by 
liand,  while  in  others  the  liquid  enters  the  trap  below  the  grating. 
The  first  trap  which  should  be  noticed  is  Rogers  Field's  flush  tank, 
which  not  only  does  what  any  other  trap  does  but  by  automatic 
discharge  when  the  tank  is  full,  serves  to  flush  the  sewer  into 
which  it  discharges.  By  its  adoption,  in  fact,  not  only  is  dis- 
connection thoroughly  effected,  but  the  liquid  relieved  of  its  solid 
matter,  partly  by  the  interception  of  the  grating  and  partly  by 
collection  in  the  tank,  discharges  itself  in  sufficient  quantity  to  flush 
the  outfall  sewer.  The  collected  solid  matter  is  removed 
separately  by  hand.    Fig.  lo  shows  this  apparatus  Avhich  consists 
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of  a  cylindrical  watertight  iron  or  stoneware  tank  A.  This  tank 
has  a  trapped  inlet  B  (which  also  forms  a  movable  cover  to  give 
access  to  the  interior  of  the  tank),  and  a  socket  C  for  a  ventilating 
pipe.  The  outlet  consists  of  a  syphon  D,  so  arranged  that  no  dis- 
charge takes  place  till  the  tank  is  completely  filled  with  liquid, 
when  the  syphon  is  brought  into  action  and  the  contents  are 
immediately  discharged.  The  inner  end  of  the  syphon  is 
protected  by  a  strainer  E,  to  hold  back  grease,  &c.,  and  the  outer 
end  enters  a  discharging  trough  F,  which  is  made  to  turn  round 
so  that  its  mouth  may  be  directed  as  required  to  connect  the  tank 
with  the  line  of  outlet  pipes  (G).  This  trough  has  a  cover  which 
can  be  removed  to  give  access  for  cleaning.  In  this  contrivance 
the  liquid  refuse  from  the  house  sinks  is  discharged  on  to  the. 
grating. 

Up  to  this  time  Field's  flush  tank  has  the  preference  as  an 
'automatic  intercepter  of  solid  matter  and  flusher  of  the  outfall 
sewers  of  dwellings,  but  there  are  other  devices  in  which  floating 
outlets  and  tip-over  boxes  are  the  distinguishing  feature  which  will 
share  with  it  before  long  the  popularity  it  now  deservedly  enjoys. 
Messrs.  Stone,  of  Deptford,  are  introducing  an  "  automatic  flusher." 

The  number  of  traps  which'receive  the  outflow  from  a  dwelling, 
either  above  or  under  a  grating,  and  prevent  the  passage  inwards 
of  sewer  air  are  very  numerous,  some  being  double  sealed  and 
some  single  sealed. 

Fig.  II 


Double  Sealed  Traps.— In  Mansergh's  trap,  Fig.  1 1,  it  will  be 
observed  that  there  are  two  water  seals,  so  arranged  that  an  open 
communication  to  the  air  is  provided  by  a  grating  between  them. 
When  the  pressure  in  the  sewer  is  sufificient  to  force  the  gas 
through  the  first  or  lower  seal  it  will  escape  through  the  grating 
rather  than  through  the  second  seal  into  the  house.  This  trap  also 
serves  as  a  grease  trap,  but  the  emptying  of  the  container  not  being 
automatic  nor  complete,  it  requires  constant  attention  to  keep  it  in 
free  action,  which  is  not  the  case  when  a  syphon  is  used. 

Fig.  12,  on  a  larger  scale,  shows,  a  good  stoneware  disconnecting 
trap  manufactured  by  Messrs.  Stidder  and  Co.,  of  Southwark 
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Bridge  Road,  which  like  the  last  is  doubly  trapped  and  doubly 
ventilated. 

The  same  may  be  said  of  the  excellent  air  trap  of  Messrs.  Stiff, 
of  Lambeth,  Fig.  13.  Fig.  13. 
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The  air  from  the  sewer  is  intercepted  by  means  of  two  dips  or 
water  seals  F  and  G,  between  which  a  means  of  ventilation  is 
provided  which  may  be  carried  up  the  walls  of  the  house.  Under 
ordinary  circumstances  the  foul  air  will  be  stopped  at  the  chamber 
C,  but  should  the  pressure  be  strong  enough  to  force  the  trap  at 
¥,  the  sewer  gas  will  at  once  escape  through  the  chamber  B  into 
the  ventilating  pipe.  The  second  and  stronger  trap  at  G  is  said  to 
effectually  exclude  all  poisonous  gases  from  chamber  A,  which 
forms  the  only  avenue  to  the  house.  The  diaphragm  G  is  so 
constructed  that  the  sewage  from  the  house  is  discharged  directly 
into  the  trapped  chamber  C,  beyond  the  point  of  communication 
with  the  open  air.  By  this  arrangement  the  necessary  ventilation 
of  the  trap  is  effected,  with  the  minimum  of  contamination  to  the 
surrounding  atmosphere.  D  and  E  are  closely  covered  apertures 
for  cleansing  the  trap,  which  is  usually  made  with  the  latter 
opening  only,  but  the  aperture  D  is  now  generally  added.  When 
the  house  sewer  i§  deep,  q,  pipe  should  be  conducted  vertically 
from  the  opening  E  to  about  9  inches  below  the  ground  level,  then 
carefully  closed  with  the  disc  plate  and  covered  with  earth.  By 
means  of  a  long-handled  ladle  any  subsequent  obstruction  in  the 
trap  may  soon  be  removed  without  trouble  or  expense. 

Smg/e  Sealed  Traps.— Mtssrs,.  Stiff  manufacture  a  single  sealed 
trap  (Fig.  14)  called  the  Weaver  ventilating  sewer  air  trap. 


Fig.  14. 


A 


They  also  make  that  useful  trap  known  as  the  Redhill 
fig-  15- 
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Fig.  15. 


This  trap  and  the  Bavin  dip-trap,  which  is  well  known,  are 
very  much  of  the  same  character. 

The  newly-registered  Wetherley  trap,  which  is  more  of  the 
nature  of  a  double  than  a  single  sealed  trap,  should  not  be 
omitted  from  notice,  as  it  would  seem  to  be  capable  of  acting 
well,  not  only  as  a  disconnecter,  but  as  an  intercepter  of  grease 
if  properly  attended  to. 

Fig.  16  shows  this  trap. 

Fig.  16. 


(3.)  Yard  and  Road  Traps  for  intercepting  Sblid  Matter  or 
Detritus.  — Yh&xQ  are  numerous  traps  made  by  different  makers  to 
intercept  the  sohd  matter  washed  oif  the  impervious  surfaces  of 
yards,  roads,  &c.,  and  at  the  same  time  prevent  any  uprising  gas 
when  connected  with  sewers. 
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Brickwork  or  cast-iron  chambers,  with  a  deflected  pipe  on  the 
the  lower  side,  are  generally  used  in  preference  to  earthenware 
traps,  on  account  of  the  heavy  traffic  which  might  pass  over  and 
break  them. 

"Stidder's  Improved  Iron  Yard  Gully,"  Fig.  17,  can  be  safely 
adopted  in  any  case.  Here  the  solid  matter,  intercepted  in  the 
first  division,  can  be  easily  removed  and  ready  access  obtained  to 
the  whole  of  the  trap. 

Fig.  17. 


Doulton's  Earthenware  Yard  and  Road  Fig.  18. 

Trap,  Fig.  18,  with  which  the  last  (iron) 
trap  may  be  compared,  serves  to  illustrate  a 
cheap  description  of  trap  that  may  be  found 
suitable  where  traffic  of  a  heavy  character 
may  not  exist,  or  where  relief  from  surface 
water  is  required  by  the  side  of  carriage 
drives,  &c.  It  should  be  understood,  how- 
ever, that  all  these  traps  require  frequent 
emptying,  and  that  in  continued  dry  weather  they  require  to  be 
furnished  with  water,  or  stench  escaping  from  the  sewer  will  be 
perceptible. 

To  prevent  gases  generated  in  a  public  sewer  or  cesspool  from 
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passing  up  the  private  outfall  sewer,  light  flaps  may  sometimes  be 
lavourably  introduced  at  the  junction  of  the  one  with  the  other. 
•  This  arrangement,  however,  can  only  be  effected  when  the  public 
sewer  is  constructed  of  brickwork,  and  when  an  increased  fall  can 
be  given  to  the  private  sewer  just  above  the  junction.  These 
appliances  are  not  to  be  generally  recommended. 

Stress  has  already  been  laid  on  the  advantage  of  disconnection, 
and  the  necessity  of  ventilating  the  soil  pipe  of  the  water-closets 
and  the  traps  of  sinks  communicating  with  the  outfall  sewers  of 
all  dwellings,  and  it  should  be  here  repeated  that  with  this 
arrangement  properly  effected  safety  from  sewer  gas  will  be 
assured. 

XXXVII. — Chambers  for  collecting  Surface  or  other 
Water  for  flushing  Sewers. — Under  the  head  of  sink  traps 
reference  has  been  specially  made  to  ''Field's  Flush  Tank," 
which  performs  the  double  function  of  disconnection  and  flushing. 

For  the  latter  object,  Mr.  Field  has  brought  into  use  his  patent 
annular  syphon,  which  is  admirably  adapted  for  the  purpose. 
When  fixed  in  a  chamber,  as  in  Fig.  19,  where  it  can  be 
economically  supplied  with  liquid  in  any  quantity,  it  is  most 
useful. 

His  agents,  Messrs.  Scott  and  Read,  thus  describe  the  arrange- 
ment adopted  by  Mr.  Field. 


Fig.  19. 
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"  The  chamber  is  emptied  by  means  of  a  self-acting  annular 
syphon,  which  is  put  in  action  by  an  extremely  small  flow  of  water, 
so  that  a  large  tank  may  be  fed,  for  instance,  by  the  constant  flow 
from  a  small  water  tap  or  drain  which  takes  a  day  or  two  to  fill 
it,  and  yet  the  tank  will  empty  itself  automatically,  in  the  course 
of  a  few  minutes,  as  soon  as  it  is  full. 

"  The  working  of  this  apparatus  is  very  simple,  and  it  is  almost 
an  impossibily  for  it  to  get  out  of  order, 

"  The  syphon  (A)  is  built  into  a  tank  (B).  The  longer  limb  of 
syphon  just  dips  about  one-eighth  of  an  inch  into  water  below  the 
tank  at  (C)  which  is  kept  at  its  proper  level  by  a  weir  (D). 

"  The  action  is  as  follows  : — When  the  water  fed  from  inlet 
or  tap  (E)  rises  to  the  top  of  the  longer  limb  of  the  syphon  shown 
by  dotted  Hne,  instead  of  running  down  the  sides,  it  is  guided  by 
a  lip,  and  is  caused  to  descend  clear  of  the  sides.  By  this  means 
~a  quantity  of  air  is  displaced,  gradually  forming  a  vacuum  in  the 
discharging  limb,  and  thereby  starting  the  syphon,  which  empties 
the  tank  with  enormous  rapidity." 

Mr.  Shone,  of  Wrexham,  aims  at  precisely  the  same  object  as 
Mr.  Field,  in  what  he  has  designated  his  "  House  Hydraulic  Sewage 
Ejector"*  (Fig.  20),  and  claims  for  his  invention  both  originality 
and  superiority.  Its  arrangement  is  very  similar  to  that  which  has 
been  already  applied  in  the  form  of  the  "  sewage  regulator  "  with 
its  float  or  syphon  outlet.  Its  chief  characteristic  is  the 
application  of  a  tumbhng  box  so  fixed,  on  a  pivot  as  to  capsize 
suddenly  when  it  is  filled,  thus  starting  a  syphon  which  empties 
the  flushing  tank.  The  illustration  will  convey  to  the  reader 
pretty  clearly  the  action  of  the  invention,  though  it  should  be 
"  explained  that  this  tumbling-box,  being  made  to  receive  the  out- 
flow  from  the  dwelling,  must  be  constantly  in  action,  even  though 
the  tank  into  which  the  contents  are  thrown  be  not  filled.  This, 
although  not  a  great  objection,  does  not  apply  to  either  Mr,  Field's 
flush  tank  or  to  Messrs.  Stones'  automatic  flusher.  In  this  last 
'  invention  it  is  so  arranged  that  the  tumbling-box  only  comes  into 
action  when  the  tank  is  full,  and  that  it  throws  its  contents  into 
I  the  syphon  precisely  at  the  time  it  is  intended  that  the  tank  should 
be  emptied.  Thus  the  chances  of  derangement  are  greatly 
reduced. 


*  Mr,  Shone  has  invented  for  the  sewerage  of  towns  a  contrivance  which  he 
calls  the  Pneumatic  Ejector,  in  which  is  displayed  much  ingenuity,  and  which 
will  be  found  of  advantage  in  some  districts.  The  writer  has  had  no  experience 
of  the  invention,  but  he  believes  it  is  in  successful  action  at  Eastbourne,  in 
Sussex. 


I 

I 


54 


EXTERNAL  SEWERAGE. 


[air. 


Fig.  20. 


If  placed  outside  the  wall  of  the  house  it  will  be  seen  that  the 
tumbling  basin  may  be  advantageously  acted  on  by  the  sink 
waste  pipe,  or  by  any  other  refuse  supply,  without  one  drop  of 
clean  water  being  used  and  wasted.  The  inventor  states  that 
the  tumbling  basin,  besides  being  necessary  to  start  the  action 
of  the  syphon  ejector,  is  also  a  valuable  sanitary  adjunct  to  house 
drainage,  for  it  dispenses  with  the  use  of  a  grease  trap.  In 
many  instances  the  fatty  waste  liquids  of  a  house  trap  congeal 
or  freeze  and  gradually  choke  up  the  house  drain,  whereas  falling 
into  the  tumbling  basin  (or  direct  into  the  ejector  tank),  though 
they  should  congeal  or  freeze  before  the  basin  is  filled,  the 
moment  the  basin  topples  over  its  sudden  jerky  action  throws  the 


Drawing  showing  outer  soil  pipe  and 

INNER  TRAPS  WITH  MODE  OF  VENTILATING 
THEM,  AND  FRESH  AIR  INLET  AT  BASE. 


A.  Grated-  cover  or  (xir  tight- LicU&,-pLpe,.  \^ 
See-  sections  XXXV  cuLcLXXXSl.   
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whole  charge  into  the  ejector,  and  this  latter  in  its  turn  passes  it 
speedily  into  the  public  sewer.  It  will  be  noticed  that  there  is  a 
most  perfect  disconnection  between  house  and  sewer. 

Another  very  simple  mode  of  utilising  the  rainfall,  as  dis- 
charged from  the  roofs  of  houses,  consists  in  fixing  to  the  bottom 
of  a  down  pipe  an  ordinary  tank  or  cistern  fitted  with  a  syphon, 
which  comes  into  action  whenever  the  quantity  of  water  discharged 
from  the  roof  or  elsewhere  has  filled  the  tank  to  a  height  above 
the  crown  of  the  syphon. 

XXXVIIL  Ventilation  of  the  Outfall  Sewer  and  its 
Branches,  including  Soil  Pipes  and  the  Traps  Connected 
THEREWITH. — The  required  ventilation  of  the  outfall  sewer  and  its 
various  branches, — i.e.,  the  expulsion  of  foul  air  into  the  open 
atmosphere,  and  the  admission  of  fresh  air  to  take  its  place— is 
usually  effected  by  ventilating  pipes  rising  from  the  various  points 
of  sewage  collection  up  the  outside  walls  to  a  position  in  which 
they  will  cause  no  nuisance.  {See  opposite  drawing).  The  proper 
ventilation  of  the  soil-pipes  of  water-closets  and  any  other  branch 
sewers  rising  up  the  houses  and  discharging  offensive  liquid  can  only 
be  secured  by  carrying  them  up  to  and  above  the  roof,  and  by 
admitting  fresh  air  below  where  it  can  be  favourably  done.  _  It  is 
hardly  necessary  to  observe  that  where  water  closets  are  in  the 
centre  of  the  house,  as  they  frequently  are  in  populous  towns, 
involving  the  placing  of  the  soil  pipe  inside,  instead  of  outside 
the  house,  increased  care  is  necessary  to  free  the  dwelling  from  the 
escape  of  effluvium.  Ventilating  pipes  should  not  be  less  than 
four  inches  in  diameter.  The  dow7i  pipes  for  the  discharge  of 
rain  water  from  roofs  should  be  avoided  as  ventilators,  though 
in  certain  cases  they  may  be  used  without  objection. 

It  has  been  advanced  that  in  order  to  secure  a  constant  "  up- 
draught "  to  the  ventilating  pipes  attached  to  dwellings  that  hoods 
or  cowls  should  be  placed  on  the  top  of  them,  which  by  special 
construction  shall  draw  out  the  contents  of  the  pipe  and  induce' 
an  upward  current  from  below.  There  are  several  inventions 
aiming  at  this  object  which  will  be  described  when  speaking  of 
the  ventilation  of  the  dwelling,  but  all  such  arrangements  are 
only  to  be  recommended  when  a  proper  circulation  of  air  cannot 
be  secured  by  more  simple  means. 

XXXIX.  Mode  of  ascertaining  the  direction  of  the 
CURRENT  of  Air  IN  Sewers  OR  PiPES. — One  of  the  first  duties  of 
an  inspector  into  the  sanitary  condition  of  dwellings  is  to  try  and 
ascertain  with  precision  whether  the  current  of  air  (sewer  gas) 
in  the  sewer  is  travelling  in  a  direction  to  find  outlet  by  faulty 
traps  within  the  house  or  otherwise. 

To  do  this  several  instruments  have  been  devised,  which  can 
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be  placed  within  pipes,  but  none  have  yet  been  sufficiently  positive 
in  their  action  to  indicate  the  facts  quite  satisfactorily.  The  air 
meters  of  Caseila,  and  other  makers,  are  instruments  which  may 
sometimes  be  used  with  advantage,  and  full  instructions  for  their 
use  are  always  supplied  with  them. 

XL. — Modes  of  determining  whether  Stoppages  exist  in 
THE  House  Sewer  and  its  Tributaries,  and  whether  any 
Gases  or  Effluvia  from  Sewers  penetrate  into  the  Dwell- 
ing.— The  periodical  or  occasional  examination  and  testing  of 
the  sanitary  arrangements  of  the  dwelling  is  obviously  a  matter 
of  necessity,  and  its  occupants  should  themselves  be  able  to 
undertake  or  direct  this  investigation. 

To  determine  whether  a  stoppage  exists  in  any  of  the  pipes, 
the  house  outfall  sewer  should  be  watched  at  its  "  disconnecting 
chamber,"  or,  in  cases  where  there  is  none,  it  must  be  opened  at  a 
point  immediately  below  where  it  leaves  the  house.  Water  should 
then  be  poured  down  each  branch  separately,  when  the  observer, 
watching  at  the  point  stated,  will  be  able  to  discover  the 
position  of  any  stoppage.  By  noticing,  too,  the  time  the  water 
takes  to  reach  the  opening,  where  no  stoppage  is  discovered,  its 
velocity  may  be  approximately  judged,  and  a  fairly  accurate 
opinion  formed  as  to  the  state  of  the  sewer  and  its  tributaries. 

To  determine  whether  sewer  gas  enters  the  dwelling  is  equally 
essential.  By  placing  a  flame  over  each  of  the  sink  traps 
throughout  the  house  it  will  be  seen  whether  there  is  any  draught 
from  the  house  sewer  into  the  dwelling,  and  by  pouring  either 
ether  or  oil  of  peppermint  down  the  soil  pipe  any  leakage  from 
the  pipes,  or  failure  in  trapping,  which  otherwise  would  not 
be  ascertained  by  the  nose,  will  be  discovered  by  the  fumes 
being  easily  perceptible  in  proximity  to  where  the  leakage 
exists.  The  fumes  of  tobacco  or  sulphur  will  also  act  as  a  test 
in  a  similar  manner,  and  may  be  applied  at  the  "  disconnecting 
chamber,"  care  being  taken  to  stop  up  the  opening  of  the  sewer 
below,  with  either  clay  or  some  covering  to  render  the  passage  of 
the  fumes  down,  instead  of  uj>,  the  sewer  a  matter  of  impossibility. 
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CHAPTER  V. 

XLI. — ^Water-Closets  and  the  Appliances  connected 
WITH  them,  including  Water  Waste  Preventers.— With  very 
few  exceptions  the  excremental  refuse  of  superior  dwelHngs  in  this 
country  is  discharged  through  the  medium  of  water-closets,  the  only 
exceptions  being  those  comparatively  few  cases  where  earth- closets 
have  taken  their  place,  and  those  in  which  neither  earth  nor  water- 
closets  exist  within  the  dwelling,  and  the  inmates  therefore  follow 
the  old  but  waning  custom  of  using  external  closets  of  some  kind 
or  another. 

Two  important  objects  should  be  aimed  at  wherever  water- 
closets  are  used,  (i.)  They  should  be  so  placed  that  no  objection- 
able smell  shall  find  its  way  into  the  other  parts  of  the  dwelling 
when  they  are  used.  (2.)  Their  machinery  should  be  so  arranged 
that  no  gases  from  either  sewer,  soil  pipe,  or  trap  shall  escape 
inwards. 

To  effect  the  first-named  object,  all  water-closets  should  be 
constructed  against  external  walls  with  a  means  of  direct  open  air 
ventilation — not  necessarily  by  open  windows — and  there  should 
be  in  addition,  wherever  it  can  be  so  arranged,  a  lobby,  ante-room, 
or  passage  provided  with  a  like  means  of  ventilation,  and  a  second 
door  cutting  this  lobby  or  apartment  off  from  the  interior  of  the 
dwelling.  But  it  very  often  happens  that  the  effect  of  this  arrange- 
ment when  imperfectly  carried  out  is  far  from  satisfactory,  inas- 
much as  the  colder  air  admitted  from  without  drives  forward  the 
warmer  odour  which  the  lobby  is  intended  to  arrest. 

In  many  instances  water-closets  constructed  in  the  centre  of 
dwellings  (as  in  the  Metropolis  and  other  towns)  are  free  from 


S8 


INTERNAL  SEWERAGE. 


[air. 


these  objections  owing  to  the  little  difference  in  temperature  of 
the  staircase  upon  which  they  are  generally  placed  and  the  closets 
themselves,  whereby  the  effluvium  is  dissipated  without  any  very 
sensible  effect.  This  arrangement,  however,  is  not  to  be  recom- 
mended, as  under  unfavourable  circumstances  it  is  extremely 
objectionable  and  sometimes  dangerous. 

To  prevent  the  escape  of  gases  from  the  soil  pipe  inwards 
most  careful  trapping  in  every  case  should  be  insisted  on,  asso- 
ciated with  a  perfect  means  of  ventilating  the  soil  pipe  (by  extend- 
ing it  up  to  and  above  the  roof,  and  admitting  air  below),  and 
also  by  a  branch  pipe  rising  up  into  the  soil  pipe,  or  into  a 
separate  ventilating  pipe  from  the  trap  beneath  the  closet  basin. 

Though  it  is  a  general  practice,  in  houses  of  all  descriptions,  to 
use  water-closets  as  sinks  for  housemaid's  refuse,  there  is  no 
custom  more  objectionable  in  the  case  of  valve  closets,  not  only 
because  it  is  a  filthy  one,  but  because  it  is  also  conducive  to 
derangement  of  the  closets  themselves.  In  many  instances,  how- 
ever, it  is  not  possible  to  have  a  separate  housemaid's  sink,  in 
which  case  valve  closets  should  give  place  to  valveless  ones,  and 
the  ordinary  wooden  seat  should  lift  as  a  lid  on  hinges  to  cover  a 
false  seat  of  lead,  forming  an  "  overall,"  upon  which  the  housemaid 
may  throw  her  slops  without  creating  annoyance. 

With  respect  to  the  precise  character  of  water-closet  to  be 
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adopted  much  care  in  selection  is  needed,  not  only  because 
special  circumstances  should  always  be  taken  mto  consideration, 
but  because  a  great  number  of  those  closets  generally  known 
to  the  public  are  imperfect  in  their  action.  Some  collect 
within  them  a"  portion  of  the  foul  matter  it  is  their  purpose  to 
discharge  and  thus  partake  of  the  character  of  small  cesspools 
within  the  dwelling.  This  is  particularly  the  case  with  the  closet 
known  as  the  "Pan  Closet "  (^^^  Fig.  21)  which,  although  it  is 
still  adopted  to  a  very  large  extent  throughout  the  country,  should 
always  be  looked  upon  with  suspicion  owing  to  the  large  cavity 
which  exists  between  the  basin  and  the  trap.  This  cavity  m 
time  must  become  foul,  and,  noxious  gases  being  generated,  they 
escape  directly  into  the  house  whenever  the  closet  is  used,  or 
pass  indirectly  through  the  water  by  absorption. 

It  is  generally  associated  with  the  often  condemned  D  trap, 
which  is  not  illustrated  in  this  treatise  because  its  defects  are  well 
known,  and  because  there  are  so  many  simpler  varieties  of  traps 
in  use,  which  are  free  from  objections  of  any  kind. 

For  the  sake  of  simplicity  water-closets  may  be  classified  as 
either  "  valve  closets  "  or  "  valveless  closets,"  which  being  subject 
to  many  modifications  partake  of  a  great  variety  of  character. 

It  should  be  understood  that  valve  closets,  though  they 
sei-ve  better  to  put  out  of  sight  any  excretal  matter  which  may 
lodge  in  the  container  (pan  closet),  or  trap  beneath,  must 
necessarily  be  more  liable  to  derangement  than  closets  without 
any  valves  at  all.  Let  the  character  of  the  closet  be  what  it  may, 
and  let  it  be  as  simple  as  a  valveless  closet  can  be,  very  much  will 
always  depend  upon  the  work  of  the  plumber  in  fixing  it,  and 
in  bringing  to  bear  each  connected  appliance  with  proper  effect. 

Valve  Closets— For  dwellings  in  which  expense  is  not  so 
much  an  object  as  perfect  action  and  freedom  from  objectionable 
appearance,  the  valve  closets  of  Tylor  and  Son  of  Newgate  Street, 
Jennings  of  Lambeth,  Stidder  of  Southwark  Bridge-road,  Under- 
hay  of  Farringdon  Street,  and  Doulton  of  Lambeth,  may  be  speci- 
fied as  exemplifying  valve  arrangements  of  the  first  character. 

Fig.  2  2  shows  Tylor's  Patent  Valve .  Closet  with  bottom  out- 

let. 

It  is,  as  will  be  noticed,  trapped  above  the  floor  line,  and 
inspection  is  rendered  easy  by  means  of  the  "cleaning  cap," 
shown  in  the  illustration.  The  overflow  pipe  from  the  basin  is 
also  trapped  {see  A),  and  the  entry  of  the  contents  of  the  basin 
into  this  trap  is  prevented  by  its  being  covered  by  the  discharge 
valve  of  the  basin  when  open. 

This  closet  is  universally  acknowledged  to  be.  an  excellent 
one,  but  it  should  be  observed  that  the  only  ventilation  of  the 
trap  is  by  means  of  a  small  pipe  on  its  outer  side.  This 
method  is  neither  sufficient  nor  of  much  use.    It  is  alwavs  much 
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more  desirable  to  ventilate  the  space  between  the  valve  and  the 
trap,  for,  except  this  is  done,  it  frequendy  happens  that  when 
closets  are  not  in  constant  use,  the  solid  matter  resting  in  the  trap 
gives  off  gases,  which  find  their  way  into  the  house  when  the 
closet  is  next  used. 

Fig.  23  represents,  by  a  remarkable  drawing,  a  valve  closet 
with  bottom  valve  manufactured  by  Underhay,  of  the  Farringdon 
Road. 

Fig.  23. 
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It  is  very  similar  to  Tylor's  closet  just  described,  but  its 
trap  is  placed  below  the  floor  level,  and  not  above  as  in  the 
previous  instance.  Some  people  consider  this  to  be  an  advantage, 
inasmuch  as  a  more  thorough  flush  out  of  the  trap  is  ensured. 
The  same  want  of  ventilation  is  also  experienced  as  in  Tylor's 
closet,  and  this  to  render  it  a  perfectly  safe  closet  should  be 
supplied. 

It  is  shown  in  connection  with  one  of  Underhay  s  regulators, 
the  action  of  which  is  fully  explained  in  a  subsequent  paragraph. 

Fig.  24  shows  Doulton's  best  valve  closet,  which  has_  the 
advantage  of  the  ventilation  wanting  in  the  previous  illustrations. 
In  this  example  the  letter  G  marks  the  inspection  opening  with  an 
air-tight  cover,  affording  a  ready  means  of  access  to  the  trap  m 
case  of  obstruction,  and  H  the  junction  socket  at  the  back  of  the 
closet  trap  for  the  purpose  of  carrying  a  ventilating  pipe  either 
,into  the  soil  pipe  ventilator  or  into  the  open  air. 

Fig.  24. 
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The  closet  of  Jennings,  of  Lambeth  (Fig.  25),  has  much  to 
recommend  it  both  for  the  simplicity  of  its  construction  and  the 
compactness  of  some  of  its  parts,  i.e.,  those  shown  on  the  illustra- 
tion, which  consists  of  a  basin  and  trap  in  one  piece  of  earthen- 
ware. 


The  valve  arrangements,  however,  for  supply,  discharge,  and 
overflow  are  not  so  simple  and  free  from  derangement.  It  should 
be  noticed  from  the  shape  of  the  basin,  and  the  position  of  the 
trap,  that  a  very  efficacious  flush  out  is  secured  each  time  the 
closet  is  used.  This  is  a  very  good  example  of  a  side  outlet  valve 
closet. 

Mr.  Jennings  has  also  a  Bramah  valve  closet,  which  he  has 
brought  out  with  a  view  to  economize  water  when  there  is  a 
difficulty  in  obtaining  it  in  abundance. 

Another  side  outlet  closet,  manufactured  by  Messrs.  'I'ylor 
and  Son,  is  shown  by  Fig.  26. 

^  Fig.  26. 
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Here  the  outlet  valve  is  so  constructed  as  to  act  as  an  overflow, 
thus  doing  away  with  the  necessity  of  a  separate  overflow  pipe. 
The  valve  is  acted  on  by  a  pull  up  arrangement  in  the  usual 
manner,  and  to  meet  those  cases  where  water  supply  may  fail, 
and  the  basin  be  left  without  water,  it  is  provided  with  a  self- 
acting  arrangement  which,  though  it  permits  the  escape  of  any 
overflow,  closes  the  passage  against  any  incoming  sewer  gas.  It  is 
trapped  below  the  floor  level. 

When  the  bid  "pan  closet"  is  still  insisted  on  those  manu- 
factured by  Messrs.  Underhay  and  Messrs.  Doulton  are  among 
the  best  of  the  kind.  Fig.  21,  previously  illustrated,  exemplifies 
the  Lambeth  pan  closet.  It  is  provided  with  a  strong  stoneware 
container  glazed  white  inside,  in  which  is  introduced  the  socket 
A  for  the  purpose  of  ventilating  below  the  pan.  By  the  use  of 
a  glazed  stoneware  container  instead  of  iron  Messrs.  Doulton 
maintain  that  an  impervious  body  is  obtained  proof  against  all 
corrosion,  and  that  thereby  the  objection  to  this  closet  is  to  a 
great  extent  obviated. 

Valveless  Closets. — Many  sanitary  authorities  prefer  the  valve- 
less  or  wash-out  closet  to  even  the  best  made  valve  closet,  and 
there  is  no  doubt  that  when  well  manufactured,  and  well  fixed  by 
the  plumber,  they  may  be  made  to  answer  their  purpose  perfectly. 
Their  chief  characteristic  is,  as  their  name  implies,  that  they  have 
no  valve  arrangements  of  any  kind,  and  therefore  that  it  is  impossible 
that  they  should  be  subject  to  that  derangement  and  wear  which 
is  inseparable  from  the  use  of  valves.  The  use  of  an  overflow 
pipe  is  in  their  case  considered  unnecessary  as  the  several  illus- 
trations show.  The  same  remark  will  apply  to  "  safes  "  which  are 
always  necessary  with  valve  closets  to  guard  against  leakage.*  In 
these  closets  everything  may  be  said  to  depend  on  a  sufficient  flush 
evenly  applied  to  the  basin  from  a  good  head  of  water.  They 
should  never  be  adopted,  therefore,  where  there  is  a  restricted  use 
of  water,  for  with  a  scarcity  of  this  essential,  a  deposit  will  take 
place  in  the  basin  which  in  itself  may  become  a  nuisance. 

Being  constructed  with  less  mechanism  than  valve  closets, 
their  price  is  sensibly  less,  which  tells  greatly  in  their  favour. 

In  this  class  Bostel's  (of  Brighton)  wash-out  closet  should  take 
the  first  place. 

Fig.  27  is  a  section  of  this  closet  showing  the  flush  of  water. 

Its  action  will  be  understood,  without  description,  from  this 
illustration.  To  fix  the  closet  so  that  the  water  from  the  flushing 
rim  flows  through  and  round  the  basin  with  force  to  effect  a 
thorough   rinse   out  requires    superior  plumbing,  though  this 

*  All  "safes,"  to  deserve  the  name,  should  be  specially  ventilated  with  a 
discharge  pipe  directly  into  the  open  air,  arid  not  as  is  frequently  the  case  into 
the  sou  pipe. 
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Fig.  27. 


necessity  should  prove  no  bar  to  its  adoption.  The  same  may 
be  said  of  all  closets  aiming  at  cleansing  the  basin  by  one  flush 
of  water  as  the  contents  will  otherwise  cling  to  it.  The  depth  of 
the  standing  water  in  the  basin  of  any  valveless  closet  should  be 
inch  at  least. 

In  addition  to  its  chief  characteristics,  the  advantage  that  its 
maker  claims  for  the  Brighton  closet  are — (i)  that  it  is  trapped 
above  the  floor  line  ;  (2)  that  there  is  ready  access  for  clearance  ; 
and  (3)  that  in  common  with  all  flush  out  closets  it  forms  a  ready 
and  safe  means  for  discharging  bedroom  slops  without  valve 
interference. 

Fig.  28  shows  Doulton's  flush  out  closet. 


Fig.  28. 
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Here  the  makers  have  taken  great  care  in  designing  the  shape 
of  the  basin  to  get  the  greatest  amount  of  water  to  remain  in  it 
without  offering  resistance  to  the  outflow.  The  water  enters  the 
basin  at  the  flushing  arm  A  exactly  opposite  to  the  discharge 
opening  B,  and  by  this  means  the  whole-  power  is  utilized.  This 
closet,  unlike  Bostel'Sj  is  made  in  two  parts. 

Over  the  discharge  opening  is  a  plate  D  which  on  removal, 
as  in  the  case  of  Bostel's  closet,  gives  access  to  the  trap  below, 
and  allows  of  its  being  cleaned  should  foreign  matter  have  been 
thrown  into  the  basin, 

A  socket  E  is  also  provided  for  inspection  or  ventilation,  and 
a  light  iron  standard  F  is  sold  (when  required)  on  which  the  basin 
stands,  so  that  the  trap  may  be  turned  any  way  to  suit  position  of 
soil  pipe. 

The  Lambeth  cottage  closet,  which  is  rather  an  elaborate  form 
of  "  Hopper  "  closet,  is  very  useful  for  small  dwellings  where  there 
is  a  plentiful  supply  of  water  and  valve  arrangements  are  not 
desired.  It  is  designed  with  special  regard  to  cheapness.  Fig.  29 
shows  this  closet. 

Fig.  29. 


There  is  but  one  trap  between  the  soil-pipe  and  the  basin 
which,  with  a  copious  flush,  should  render  any  stoppage  or  annoy- 
ance as  unfrequent  as  is  possible  with  these  kinds  of  closets. 

When  it  is  desired  to  have  an  outside  water-closet  for  the 
use  of  servants,  or  where  the  apartment  in  which  the  apparatus 
is  fixed  is  well  separated  from  the  remainder  of  the  dwelling, 

F 
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SO  that  no  nuisance  of  any  kind  can  arise  ; 
and  where  there  is  good  command  of 
water,  much  may  be  said  in  favour  of 
the  "  Hopper "  closet  {see  Fig.  30)  on 
account  of  its  cheapness.  It  consists  of 
a  basin  and  single  trap  only,  the  simplicity 
of  which,  with  its  entire  absence  of  valves, 
affords  little  chance  of  derangement  from 
rough  usage.  The  tapering  shape  is  a 
bar  to  its  universal  adoption,  but  with  a 
plentiful  supply  of  water  to  overcome 
stoppage  or  any  disagreeableness,  this 
closet  may  be  made  to  answer  its  pur- 
pose. It  is  generally  supplied  with  water 
'\  by  means  of  an  ordinary  tap,  and  where 
;  waste  is  feared,  it  may  be  prevented  by 
J  the  substitution  of  one  of  the  simpler 
waste  preventers  in  place  of  the  tap  which  will  limit  the  supply 
of  water  to  a  fixed  quantity ;  or  several  closets  may  be  cleansed 
at  certain  periods  of  the  day  by  water  turned  on  for  the  purpose 
independently  of  the  users. 

As  to  Supply  of  Water  to  Water- Closets. — Before  dealing 
in  detail  with  those  appliances  which  regulate  the  supply  of  water 
to  closets,  it  may  be  well  to  state  that  in  no  case  can  a  direct  supply 
from  the  general  house  cistern  to  the  closet  basin  be  recognised  as 
right.  Without  dilating  on  the  objections  to  the  direct  communi- 
cation between  a  water-closet  and  the  house  cistern  holding,  as 
is  generally  the  case,  the  water  for  cooking  and  drinking,  it  may 
be  taken  as  a  sine  qua  non  that  all  water  closets  should  draw  their 
supply  from  a  cistern  entirely  disconnected  from  though  probably 
fed  by  it. 

In  large  houses  where  several  closets  exist  one  above  the  other  it 
may  not  be  advisable  to  have  a  separate  cistern  for  each,  though 
under  any  circumstances  the  quantity  consumed  should  bt  regu- 
lated so  as  not  to  waste  the  supply.  Where  the  quantity  used  is  a 
m.easured  quantity,  it  is  generally  limited  to  2  gallons ;  but  the 
great  object  to  aim  at  is  a  perfect  flushing  of  the  basin  which 
should  be  cleansed  by  the  force  rather  than  the  quantity  of  water 
used.  Under  such  circumstances  one  cistern  reserved  for  the 
purpose  may  be  all  that  is  necessary,  and  the  various  modes  of 
regulating  the  quantity  drawn  from  it  will  be  understood  by  the 
explanation  given  under  the  first  and  third  class  of  waste  pre- 
venters which  follow. 

Many  are  the  supplemental  appliances  termed  "Waste  Pre- 
venters "  and  "  Regulators  "  which  have  been  designed  to  render 
water-closets  more  perfect  in  their  use.  Their  purpose  is  to 
secure  the  flushing  of  the  basin  by  the  use  of  a  certam  and 
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sufificient  quantity  of  water  and  no  more  each  time  the  closet  is 
used.  In  adopting  any  of  these  appHances  care  should  be 
exercised  that  none  but  those  constructed  on  sound  principles  are 
selected,  otherwise  their  adoption  is  attended  with  annoyance. 

The  object  to  be  gained  is,  as  just  stated,  that  the  quantity 
shall  be  sufficient  to  completely  wash  and  flush  out  the  closet 
basin  and  traps  without  waste ;  and  this  will  depend  not  upon 
the  length  of  time  the  water  is  allowed  to  run,  but  upon  the 
force  and  suddenness  with  which  it  is  discharged.  "Waste  pre- 
venters maybe  divided  into  three  classes: — (i)  Those  that  are 
fixed  in  a  general  cistern  and  which  discharge  a  fixed  quantity  of 
water  into  each  closet  which  such  cistern  is  intended  to  serve. 
(2)  Those  which  set  free  the  contents  of  a  small  cistern,  say  two 
gallons,  or  of  a  compartment  in  a  larger  one  holding  a  fixed 
quantity ;  and  (3)  those  that  effect  the  same  purpose  less  directly, 
by  means  of  a  regulator  placed  under  the  seat  of  the  closet, 
allowing  only  a  fixed  quantity  to  pass  through  it.  All  these  con- 
trivances when  used  for  valve  closets  should  have  a  means  of 
ecuring  the  trapping  of  the  basin  by  admitting  sufficient  water  for 
that  purpose  after  the  valve  has  resumed  its  closed  position. 

]Vaste  preventing  Valves  fixed  in  Cisterns. — In  certain  circum- 
stances, as  previously  pointed  out,  it  may  be  deemed  advisable  to 
adopt  this  form  of  waste,  prevention.  It  should,  however,  be 
borne  in  mind  that,  though  this  arrangement  is  a  great  improve- 
ment on  the  old  valve  arrangements  of  byegone  days,  inasmuch 
as  it  does  prevent  waste,  it  is  still  subject  to  the  drawback  of  being 
placed  in  an  inaccessible  position. 

Valves  are  always  liable  to  derangement,  and  they  therefore 
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Fig,  32. 


should  never  be  put  in  places  where  it  is  not  easy  to  get  at  them 
to  rectify  anything  that  may  have  got  out  of  order. 

Where  waste  preventers  are  placed  in  cisterns  the  "  sure  water 
waste  preventer"  of  Messrs.  Wallace  and  Connell  {see  Figs.  31  and 
32)  appears  useful.  This  secures  to  the  closet  a  certain  quantity  of 
water  each  time  the  handle  is  pulled  up,  and  a  second  quantity 
to  trap  the  closet  contrivance  after  the  handle  is  put  down. 
Fig.  31  shows  the  contrivance  when  the  closet  handle  is  at  rest ; 
Fig.  32  shows  it  when  raised.  When  the  closet  handle  is  raised 
the  lateral  cylinder  of  the  valve  is  also  raised,  and  the  water  above 
it  is  drawn  in  and  forced  up  to  the  main  cylinder  in  the  direction 
of  the  arrows  shown  on  Fig.  32.  This  water,  entering  the  main 
cylinder  suddenly,  raises  the  piston  E  and  the  outlet  valve  to  the 
closet  (F).  The  piston  E  fits  loosely,  and  is  so  weighted  that 
while  it  will  rise  with  the  sudden  rushing  of  the  water  up  to  it,_it 
will  afterwards  gradually  sink  and  force  the  water  out  past  its 
circumference,  and  with  its  fall  it  will  close  the  inlet  valve  to  the 
closet.  The  time  taken  for  the  descent  of  the  piston  E  will  deter 
mine  the  quantity  of  water  which  can  pass  each  time  the  closet 
handle  is  raised.  When  the  closet  handle  is  released  the  piston 
in  the  lateral  cylinder  will  fall,  and  the  water  under  it  will  be 
forcibly  and  suddenly  pressetl  into  the  main  cylinder,  again  raising 
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the  piston  E,  and  the  valve  F,  and  thus  the  outlet  to  the  closet  is 
opened  a  second  time,  the  piston  afterwards  slowly  descending  as 
before,  and  this  second  discharge  forms  the  trapping  supply  of  the 
closet.  This  contrivance  has  therefore  two  distinct  actions  each 
time  the  closet  is  used— the  first  flushes  the  closet  and  the  second 
gives  the  trapping  water  to  the  pan,  and,  however  long  the  handle 
may  be  held  up,  this  latter  water  is  reserved  until  it  is  released. 
The  holes  at  the  top  of  the  main  cylinder  limit  the  use  of  the 
piston  by  allowing  of  the  escape  of  any  excess  of  water  forced 

under  it.  -if 
The  same  object  is  secured  by  the  "  waste  no!. "  cistern  valve  of 

Messrs.  Tylor  {see  Figs.  33  and  34). 


This  valve,  like  the  previous  one,  automatically  closes  after  allow- 
ing the  intended  quantity  of  water  to  pass,  or  any  less  quantity 
in  whatever  position  the  closet  handle  which  opens  it  may  be  left, 
thus  preventing  the  running  of  an  excessive  quantity  down  the 
closet. 

The  piston  regulating  valve  C  {see  Fig.  34),  is  fitted  with  a 
washer  valve,  and  moves  loosely  up  and  down  in  a  fixed  cylinder 
F.  E  is  an  adjustable  socket  or  piston.  When  the  ball  iever  of 
the  closet  apparatus,  which  is  attached  to  the  spindle  A,  is  pulled 
up  it  raises  the  adjustable  socket  or  piston  E,  wnich  takes  up  with 
It  the  piston  regulating  valve  C,  and  opens  the  passage  for  the 
water  through  the  valve.  When  the  spindle  A  is  dropped  the 
piston  E  descends  immediately  and  with  it  the  valve  C  on  to  the 


Fig.  33. 


Fig.  34. 
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seating  D  and  the  passage  of  water  is  closed.  When  the  ball 
lever  attached  to  spindle  A  is  held  or  propped  up  the  valve  C 
descends  gradually  on  to  the  seating  D,  and  closes  of  itself  with 
the  stream,  allowmg  only  the  intended  quantity  of  water  to  pass. 
1  he  quantity  may  be  regulated  according  to  wish  by  screwing 
■  down  the  nut  K.  .  /  6 

,^eparate  Wastc-Pramiting  Cisterns  fixed  in  each  Water-Closet.— 
This  method  appears  after  everything  has  been  taken  into  considera- 
tion to  be  most  efficacious  in  accomplishing  the  object  aimed  at. 
Care  must  be  taken  in  fixing  them  that  they  should'  be  placed  in 
an  accessible  position  at  a  height  of  at  least  4  feet  as  directly 
over  the  closet  as  possible,  so  as  to  secure  a  direct  and  thorough 
flush,  and  the  size  of  the  delivery  pipe  should  be  at  least  2  inches. 
It  is  a  great  advantage  to  be  able  to  put  into  motion  a  second 
flush  should  the  first  fail  to  cleanse  the  basin.  When  acting  in 
connection  with  a  valve  closet  the  wire  should  work  inside  a  tube, 
while  an  ordinary  pendant  chain  will  be  sufficient  for  use  with  a 
valveless  closet.  First  among  this  class  should  be  noticed  the 
"  after-flush  waste-preventing  closet  cistern  "  of  Messrs.  Tylor,  of 
Newgate  Street,  though  its  price  would  naturally  deter  many  from 
using  it. 

Fig.  35  shows  this  invention  at  rest. 

Fig.  35. 


This  apparatus  consists  of  a  cast-iron  cistern  about  20  inches 
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loiK^  II  inches  wide,  and  10  inches  deep,  having  three  compart- 
ments. In  these  compartments  there  are  two'  pairs  of  valves  AA 
and  BB.    When  AA  are  open  BB  are  shut,  and  rice  versL 

In  Fig.  35  the  valves  AA  are  open  and  BB  are  shut. 
Directly  the  closet  handle  has  been  released  after  the  closet  has 
been  used  the  water  will  have  passed  through  the  ball  valve  into 
compartment  No.  i,  and  thence  into  compartment  No.  2, 
through  the  aperture  C  by  the  passage  shown  by  the  direction  of 
the  arrows,  filling  both  compartments,  the  after-flush  compartment 
No.  3  remaining  empty.  When  the  handle  of  the  closet  has  pulled 
down  the  lever  and  opened  the  valves  BB,  the  water  rushes  out 
of  compartment  No.  2  and  flushes  the  closet,  and  at  the  same 
time  No.  3  "  after-flush  "  compartment  is  filled  from  No.  _i.  When 
the  handle  of  the  closet  is  let  down,  the  lever  of  the  cistern  falls 
with  it,  and  the  valves  AA  are  again  opened,  and  the  water  from 
the  "after -flush"  compartment  No.  3  is  discharged  into  the  closet 
basin  which  it  seals ;  the  water  from  No.  i  running  into  No.  2  as 
already  described.  By  this  arrangement  the  trapping  of  the  closet 
pan  is  secured  as  the  water  intended  for  that  purpose  is  not  dis- 
charged until  the  valve  of  the  closet  pan  has  been  closed. 

Fig.  36  shows  Tylor's  double  valve  waste-preventing  closet 
cistern,  which  is  somewhat  less  intricate  aud  costly  than  the 
previous  example. 


Fig.  36. 


It  is  divided  into  two  compartments,  and  is  on  the  double-valve 
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principle.    1  he  two  valves  AA  cannot  be  open  at  the  same  time 
so  that  It  IS  impossible  to  run  a  continual  stream.  It  will  discharge 
two  gallons  of  water,  or  any  part  of  it  (but  no  more),  at  each  flush, 
ana  nas  a  small  trapping  compartment  provided  for  the  after-flush 
or  the  pan. 

Fig-  37  represents  another  "improved  double  chambered 
water-waste  preventer  cistern  "  of  Messrs.  Stone  and  Co.,  which 

iUustrrtbns  ^^^^^     ^"^^'^^  ^'^^  ^^^^  purpose  as  the  two  preceding 

Fig.  37. 


In  this  cistern  also  there  are  two  chambers — an  upper  and  a 
lower  one.  The  upper  chamber  is  filled  by  means  of  a  ball  valve 
and  emptied  through  a  discharge  valve  into  the  lower  chamber 
which'  is  constructed  to  hold  two  gallons.  In  the  lower  chamber 
there  is  also  a  discharge  valve,  and  the  apparatus  is  so  arranged 
that  the  valve  leading  into  the  lower  chamber,  and  that  leading 
out  of  it,  cannot  be  open  at  the  same  time.  Thus,  when  the 
closet  handle  is  pulled  the  top  valve  is  closed  and  the  bottom  one 
opened. 

It  will  have  been  noticed  that  in  all  the  preceding  illustrations 
of  waste  preventing  cisterns  there  has  been  an  absence  of  any 
mechanical  action  by  which  the  cistern  or  that  portion  of  it 
containing  the  required  flush  is  emptied  of  its  measured  contents 
7en't/i  certainty^  no  matter  with  what  force  or  for  what  length  of 
time  the  cistern  is  acted  upon.  This  is  doubtless  a  great 
desideratum,  though  it  has  its  drawbacks,  inasmuch  as  in  some 
wash-out  closets  the  fixed  quantity  fails  on  all  occasions  to  clear  the 
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basin,  in  which  case  a  second  and  sometimes  a  third  flush  of  the 
same  quan'^ity  ^  matter  of  necessity,  although  if  the  first  flush  had 
been  continued  for  a  time  when  put  into  action,  a  great  saving 
would  have  been  effected. 

To  eff"ect  the  discharge  of  a  fixed  quantity  and  no  more,  the 
invention  of  Messrs.  Braithwaite,  of  Leeds  {see  Fig.  38),  has  much 
to  recommend  it.  In  this  instance  a  syphon  is  made  the  dis- 
charging medium,  which  does  away  with  any  possibility  of  the 
leakage  and  derangement,  so  often  consequent  on  the  adoption  of 
valves. 

Fig.  38. 


In  the  above  drawing  the  syphon  is,  as  may  be  seen,  fixed  in  a 
cistern  divided  into  two  compartments,  but  connected  by  a  small 
hole  in  the  partition  ;  one  compartment  being  for  the  ball  tap  to 
work  in,  and  the  other  to  regulate  the  supply.  The  service  pipe 
to  the  closet  is  brought  into  the  first  compartment  in  the  manner 
shown,  and  in  the  other  is  a  cylinder  in  which  works  a  piston  that 
being  raised  forces  the  water  into  the  syphon  pipe  and  over  its 
crown.  The  syphon  is  thus  set  in  motion,  when  a  loose  plate  in 
he  bottom  of  the  cylinder  rises  and  allows  the  water  to  flow. 

The  double-syphon  water-waste  preventer  by  E.  Emanuel,  of 
Marylebone  Lane,  London,  is  another  good  example  of  a  waste 
preventer  of  this  sort. 

An  after-flush  is  provided  by  the  use  of  a  second  syphon,  much 
smaller  than  the  first,  which  renders  the  invention  especially 
deserving  of  notice.  Fig.  39  shows  this  water- waste  preventer, 
which  is  thus  described  by  its  inventor. 
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Fig.  39. 


*'  A  is  a  cistern  divided  into  two  compartments  by  a  partition  B. 
Water  is  supplied  from  a  water  supply  pipe  to  the  right  hand  com- 
partment through  a  ball  cock  C,  the  ball,  or  float,  D,  of  which  is  in 
the  left  hand  compartment.  In  the  partition  B,  is  an  opening 
E,  and  when  the  right  hand  compartment  is  filled  with  water 
up  to  this  opening,  water  flows  through  it  into  the  left  hand 
compartment,  and  fills  that  also  until  by  the  rising  of  the  float 
U,  the  supply  valve  C  is  closed.  F  is  a  syphon  pipe,  the  shorter 
limb  of  which  opens  into  the  right  hand  compartment  of  the 
cistern,  and  the  longer  limb  of  which  is  carried  down  to  the 
closet  pan  or  basin.  G  is  syphon  pipe  of  smaller  diameter; 
its  shorter  limb  opens  into  the  left  hand  compartment  of  the 
cistern,  and  its  longer  limb  is  led  into  the  longer  limb  of  the 
syphon  F.  H  is  a  plate  or  float  fitting  loosely  to  the  sides  of  the 
right  hand  compartment.  It  is  attached  to  one  arm  of  a  lever  I, 
and  is  held'up  by  a  weight  K  fixed  to  the  other  arm  of  the  lever. 
A  wire  is  attached  to  the  lever  at  L,  and  when  the  wire  is  pulled 
downwards,  by  the  action  of  the  closet  handle  in  the  ordinary 
manner,  the  plate  or  float  H  is  forced  downwards.  Water  is  thus 
forced  into  the  larger  syphon,  and  this  syphon  becomes  charged 
and  at  once  empties  the  right  hand  compartment  into  the  closet 
basin,  the  smaller  syphon  also  becomes  charged,  and  when  the 
right  hand  compartment  has  been  emptied,  continues  to  deliver  a 
small  stream  of  water  into  the  syphon  F,  until  the  water  level  in 
the  left  hand  compartment  gets  below  the  end  of  the  shorter  limb 
of  the  smaller  syphon.  As  the  water  level  in  the  left  hand 
conipartment  descends,  the  valve  C  opens  and  again  fills  the 
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cistern,  the  right  hand  compartment  being  the  first  to  fill  as 

^^^Messts.  Brazier,  of  the  Blackfriars  Road,  and  Mr.  Purnell,  of 
Westminster,  have  both  invented  syphon  waste  preventers,  but  the 
experience  gained  of  these  contrivances  does  not  enable  us  to  say 
more  than  that  they  each  possess  some  of  the  elements  of  success^' 
In  both  examples,  as  in  the  case  of  Braithwaite's  and  Emanuel'V^ 
directly  the  syphon  is  brought  into  action,  the  water  should  be-, 
delivered  and  should  continue  to  discharge  with  nearly  equaf; 
force  from  the  beginning  to  the  end  when  a  dribble  at  the  last^ 
should  be   impossible.     It  should  not   matter  whether  thj^. 
handle  is  let  go  direcdy  or  held  for  a  time,  the  required  quantity" 
of  water  should  be  discharged  in  either  case  and  no  more.  Thus 
while  waste  is  prevented  an  effectual  flush  to  the  closet  is  ensured, 
which,  as  one  inventor  points  out,  is  a  great  advantage  when  the 
carelessness  of  servants  is  considered,  who  very  often,  after, 
emptying  their  slops  down  the  closet,  just  give  the  handle  a, 
slight  pull  and  leave  it. 

Waste  Pj-eventers  and  Regulators fixed  under  the  Seats  of  Closets. 
—Although  many  authorities  on  the  subject  consider  that  waste  ■ 
of  water  is  better  prevented  by  the  use  of  cisterns  placed  above  ' 
die  seat  of  the  closet,  and  which  discharge  a  fixed  quantity  each 
time  they  are  acted  upon,  there  are  others  who  prefer  those 
]jlaced  under  the  closet  seat. 

They  possess  the  following  advantages  :—(i)  They  naturally 
occupy  less  room  in  the  closet  itself;  (2)  Any  number  of  closets 
can  be  supplied  by  one  service  pipe  from  the  cistern  above ; 
(3)  There  is  no  interval  between  the  raising  of  the  handle  and  the 
inrush  of  water  into  the  basin. 

The  disadvantages  are — (i)  Less  force  is  obtained  in  flushing 
out  the  basin,  which  should  be  a  primary  object;  (2)  The  arrange- 
ment is  not  mechanically  so  durable  ;  and  (3)  There  is  not  generally 
that  thorough  disconnection  from  the  general  water  supply  which 
should  always  be  aimed  at. 

Under  this  heading  Fig.  40  represents  on  a  large  scale  Messrs. 
Tylor's  "waste  preventer,"  which  may  be  safely  and  advan- 
tageously used  where  the  supply  of  water  is  obtained  from  a 
cistern  serving  more  than  one  closet,  or  where  the  supply  cistern 
being  placed  over  the  closet,  the  outflow  from  it  is  not  limited 
to  a  fixed  quantity.  Here  C  is  a  plunger  fitted  with  a  washer 
valve  H  at  the  bottom,  and  moving  up  and  down  in  a  metal  or 
elastic  socket  EE,  which  forms  a  carrier,  and  which  is  fixed  to  the 
spindle  connected  with  the  lifting  lever  F.  This  valve  is  made, 
when  preferred,  with  a  flat  elastic  washer  or  diaphragm  (instead  of 
EE).  KK  is  a  ring  valve  for  the  purpose  of  controlling  the 
descent  of  the  metal  or  elastic  socket  EE.  L  is  a  passage  way  by 
which  the  water  flows  from  under  to  above  the  ring  valve  KK, 


and  is  partially  opened  or  shut  by  turning  the  tap  A.  When  the 
handle  of  the  closet  is  pulled  up,  the  lever  F  raises  the  metal  or 
elastic  socket  EE  which  lifts  by  suction  the  ring  valve  KK,  and 
the  plunger  C,  and  thus  opens  the  passage  for  water  through  the 
valve.  When  the  handle  is  dropped  the  lever  F  commences  to 
fall,  the  speed  of  its  descent  being  regulated  by  the  quantity  of 
water  which  is  allowed  to  pass  through  the  passage  way  L.  If  the 
closet  lever  F  is  held  up,  the  metal  or  elastic  socket  EE  and  ring 
valve  KK  will  be  kept  up  too,  but  the  plunger  C  will  be  taken 
down  on  to  its  seat  D,  partly  by  its  gravity,  but  principally  by  the 
pressure  of  the  water.  The  adhesion  or  attraction  should  cease, 
and  the  plunger  C  begins  to  fall,  when  the  pressure  is  made  equal 
inside  and  outside  the  socket. 

The  patent  regulator  of  Underhay,  referred  to  in  connection 
with  the  water-closet,  Fig.  23,  is  shown  upon  an  enlarged  scale  by 
Fig.  41. 
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Fig.  41. 


The  object  of  this  invention,  which  cannot 
be  termed  a  waste  preventer,  is  to  allow  the 
passage  of  a  certain  quantity  of  water  through 
the  pan  of  the  closet  each  time  the  handle 
is  raised,  even  if  it  be  dropped  again  instan- 
taneously.    For  this  purpose  a  vessel,  by 
preference  a  cylindrical  vessel,  is  adopted, 
which  is  closed  at  the  bottom,  and  provided 
with  an  air  inlet  near  the  top.    Within  this  is 
a  second  cylinder  which  is  open  at  the  top 
to  a  small  extent  only,  but  entirely  open  at 
the  bottom.    The  inner  vessel  is  of  such 
dimensions  as  will  allow  of  its  working  up 
and  down  readily  within  the  outer  one. 
Around  and  near  the  lower  part  of  the  inner 
vessel  is  a  cup  of  leather. or  other  suitable 
flexible  material,  the  lower  edge  .of  which 
descends  into  some  lubricating  fluid  at  the 
bottom  of  the  outer  vessel  each  time  the 
inner  vessel  is  caused  to  descend.    By  this 
means  the  interior  of  the  outer  vessel  is 
lubricated  each  time  the  inner  vessel  is  raised. 
At  the  upper  end  of  the  inner  vessel  an  air 
cock  C  with  regulating  screw  D  is  provided, 
the  latter  being  adjusted  according  to  the 
time  which  it  may  be  desired   the  inner 
vessel  should  take  in  descending.    The  outer 
vessel  is  fixed  in  any  convenient  position, 
and  the  inner  vessel  is  connected  with  the 
closet  handle.  When  the  latter  is  raised  the 
inner  vesssel  above  mentioned  is  also  raised, 
which  can  readily  be  done  by  reason  of  the 
cupped  leather  giving  way,  and  acting  as ,  a 
valve.     A  certain  quantity  of  air  will  be 
admitted  by  this  process  to  the  bottom  of 
the  inner  cylinder.    When  the  closet  handle 
is  left  to  fall  back,  the  pressure  of  the  air  will 
keep  the  outer  edge  of  the  leather  against  the 
interior  surface  of  the  outer  vessel,  and  the 
inner  cyUnder  will  only  descend  as  the  air  escapes  by  the  air 
valve  mentioned.    In  this  way  the  lever  of  the  closet  is  kept  open 
for  the  discharge  of  water  until  the  inner  cyhnder  has  descended 
to  the  bottom.     This  occurs  each  time  the  closet  handle  is 
raised. 

Underhay's  "  waste  preventer  "  is  shown  by  Fig.  42. 
This  instrument  is  in  principle  somewhat  similar  to  the  "  regu- 
lator."   Like  that  contrivance  it  consists  of  one  cylinder  within 


another,  and  as  the  water  runs  from  the  cistern  or  supply  pipe  to 
the  pan  of  the  closet  (from  A  to  B)  a  certain  regulated  proportion 
escapes  through  the  small  aperture  shown  on  the  figure  into  the 
space  between  the  outer  and  inner  cyUnders.  Within  a  determined 
period  this  influx  of  water  floats,  and  gradually  raises  the  inner 
cylinder,  which,  being  connected  with  a  lever  for  the  purpose, 
closes  a  valve  in  the  water  supply  pipe  A,  and  prevents  the 
entry  of  any  further  water  until  the  preventer  has  had  time  to 
empty  itself  of  its  contents  by  the  small  outlet  at  the  bottom.  By 
the  combined  use  of  these  two  last  appliances  it  will  be  found 
(i)  that  the  closet  handle  cannot  replace  itself  and  close  the 
supply  valve  until  the  pan  has  been  well  flushed  ;  and  (2)  that  no 
more  than  a  certain  quantity  of  water  can  be  used  at  one  time. 

Fig.  43  shows  the  relative  positions  of  both  the  "  regulator  " 
and  "  waste  preventer  "  with  reference  to  the  closet. 

Trapping  Box  for  searing  an  after-flush  when  not  fitted  to 
Water  Waste-Preventmg  Cisterns, — Although  the  adoption  of 
water- waste  preventing  apparatus  of  some  description  or  another, 
containing  and  delivering  a  restricted  quantity  of  water,  is 
now  almost  universal,  still,  as  has  been  shown  in  the  preceding 
paragraphs,  a  means  for  securing  a  certain  after-flush  is  not 
always  provided.  This  after-flush  should  invariably  be  insisted 
on  where  valve  closets  are  used;  and  no  waste  preventer  of 
the  ist  or  2nd  class  should  be  fitted  to  a  closet  without 
this  additional  flushing  chamber,  for  when  it  is  absent,  and 
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Fig.  43. 


the  closet  is  not  in  constant  use,  the  valve  trap  will  become 
unsealed,  and  the  extra  safety  obtained  by  double  trapping  will 
be  done  away  with,  Messrs.  Chandler,  of  Mile  End  Road, 
have  invented  and  patented  a  trapping  box  which  may  be  con- 
nected with  the  down  pipe  anywhere  between  the  water  cistern 
and  the  basin  of  the  closet  {see  Fig.  44).  In  this  invention  the 
contents  of  the  trapping  box  A,  which  must  necessarily  be  filled 
with  water  from  the  cistern  above,  each  time  the  closet  handle  is 
raised,  is  made  to  discharge  itself  through  the  small  aperture  D 
into  the  pan  of  the  closet  after  the  first  flush  has  been  delivered. 
By  withdrawing  the  screw  E,  a  ready  means  of  cleaning  the 
aperture  D  is  obtained,  should  it  be  blocked  up  at  any  time. 
The  invention  seems  very  simple,  and  cannot  get  out  of  order. 

XLIL — Earth  Closets. — As  previously  stated,  the  solid 
portions  of  the  sewage  of  all  well-ordered  dwellings,  especially 
the  excrementitious  contents  of  outside  closets,  require  only 
careful  collection  and  frequent  periodical  removal  to  render  them 
free  from  nuisance. 

With  the  condemnation  of  leaky  and  overflowing  cesspits,  dry 
closets  for  the  disposal  of  excreta!  refuse  in  rural  districts  are 
daily  coming  more  and  more  into  use  in  the  place  of  common 
privies;  while  in  the  northern  manufacturing,  towns,  where 
"middens" — which  have  been  declared  to  be  "the  standard  of 
all  that  is  utterly  wrong " — are  the  common  receptacles  of  the 
excreta  of  their  inhabitants,  great  efforts  are  being  made  to 
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introduce  in  their  place  movable  pails 
or  boxes  with  disinfectants  or  absorbent 
linings. 

Many  excellent  forms  of  closet  are 
now  before  the  public,  foremost  amongst 
which  stands  that  of  the  originator  of 
the  dry  system,  the  Rev.  Mr.  Moule, 
whose  invention,  having  been  patented, 
has  passed  into  the  hands  of  a  company 
by  whose  instrumentality  it  is  finding 
its  way  into  general  use.  Dry  closets 
are  particularly  suitable  for  the  poorer 
dwellings  of  country  towns,  villages 
and  hamlets,  where  water  is  scarce  and 
where  water-closets  would  therefore  be 
out  of  place.  But  there  is  no  disguising 
the  fact  that  the  best  dry  closet  is 
invariably  associated  with  a  vapid  smell 
which  becomes  extremely  objectionable 
when  the  closet  is  not  kept  properly 
cleansed.  This  condition  is  greatly 
due  to  the  difficulty  which  is  found  in 
absorbing  and  deodorising  the  whole 
of  the  urine  by  any  of  the  materials 
used  for  the  purpose. 

To  overcome  this  drawback  Mr. 
Gibson,  of  Clapham,  has  invented 
a  closet  intended  to  separate  the  urine 
from  the  solid  portions  of  the  excreta, 
and  allow  the  former  to  pass  away 
by  a  distinct  channel.  Fig.  45  shows 
this  closet  and  explains  the  arrange- 
ment. 

The  dry  material  may  be  either  earth, 
ashes,  or  charcoal. 

The  patent  closet  of  Dr.  Bond,  of 
Gloucester,  is  also  designed  for  the 
separation  of  the  urine  from  the  faeces. 
The  dry  material  (ashes  or  earth)  is 
distributed  over  the  faecal  matter  by  the 
shutting  of  the  lid  of  the  closet. 

Fig.  46  shows  another  kind  of  dry  closet  made  by  Messrs.  King, 
of  Moscow  Terrace,  Victoria  Park,  in  which  the  dry  material  _  is 
distributed  on  .the  contents  of  the  pail  by  the  action  of  the  lid, 
as  in  the  case  of*  Dr.  Bond's  closet. 

The  action  of  a  closet-lid  as  a  means  of  spreading  ashes  or  dry 
earth  upon  excretal  matter  deposited  under  the  seat  commends 


itself  to  a  mechanic,  because  the  lid  is  easily  capable  of  being  con- 
nected with  a  rod  running  under  the  floor  of  the  closet  which 
could  be  made  to  throw  out  a  bolt  and  so  fasten  the  door  of  the 
closet  when  the  lid  is  lifted  up.  By  the  same  connection  the 
closing  of  the  lid  may  be  made  to  withdraw  the  bolt  and  so  allow 


Fig.  46. 
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the  door  to  be  opened  without  which  the  person  who  has  used  the 
closet  could  not  leave  it.  Thus  the  covering  of  the  excretal  matter 
with  the  dry  material  will  be  ensured,  in  spite  of  the  carelessness 
which  so  often  prevails. 

Fig.  47. 


Dr.  Carpenter,  of  Croydon,  speaks 
well  of  the  dry  closets  of  Moser,  of 
Southampton,  which  are  shown  by 
Fig.  47.  He  says  that  "they  have 
succeeded  excellently  well,  and  do 
not  get  out  of  order." 


The  closet  is  made  to  act  by  means  of  a  spring  seat,  which, 
when  used,  moves  the  lever  A,  which  acts  on  the  bellows  B,  and 
throws  a  quantity  of  the  dry  material  (ashes,  &c.,  mixed  with  sawdust, 
charcoal,  spent  dye  woods,  or  dry  earthy  material  contained  in  box 
C)  over  the  contents  of  the  pail  D, 

It  is  not,  however,  because  the  compound  of  dry  earth  and 
organic  matter  obtained  by  the  use  of  these  closets  is  commercially 
valuable  that  the  dry  system  is  gaining  ground,  for  Dr.  Gilbert,_in 
the  trials  made  on  behalf  of  the  Sewage  Committee  of  the  British 
Association,  found  that  when  ordinary  field  soil  was  used  as  the 
dry  material  the  increase  in  the  percentage  of  nitrogen  was  only 
•015  each  time  the  soil  was  used,  and  that  even  after  being  used 
twice,  it  was  not  richer  than  good  garden  mould. 

The  advance  of  the  dry  system  into  public  favour  is  therefore 
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on  the  whole  due  rather  to  the  difficulty  of  providing  water  than 
to  the  value  of  the  product,  for  though  the  erection  of  an  earth 
closet  is  less  costly  than  a  water-closet,  and  it  is  neither  injured 
by  frost  nor  by  improper  substances  being  thrown  down  it,  a  well- 
arranged  water  closet  with  plenty  of  water  at  command  is  always 
preferable  to  any  earth  closet  that  could  be  devised,  so  far  as 
cleanliness  and  order  are  concerned. 

It  is  when  circumstances  prevent  the  supply  of  the  requisite 
quantity  of  water  that  earth  closets  have  the  advantage. 

It  should  be  added  that  though  the  intending  purchaser  cannot 
do  wrong  by  adopting  Mr.  Moule's  invention  there  have  been 
slight  improvements  resulting  from  subsequent  investigation,  and 
that  the  foregoing  illustrations  are  intended  to  show  to  those 
interested  in  the  subject  that  by  enquiring  into  the  matter  them- 
selves they  will  probably  be  able  to  obtain  what  will  most  likely 
be  suitable  to  their  individual  purpose. 

XLIII. — Sink  Traps. — In  order  to  prevent  sewer  gas  passing 
into  the  dwelling  by  the  discharge  pipes  of  sinks,  it  is  necessary,  even 
after  the  adoption  of  such  outside  traps  and  disconnecting  arrange- 
ments as  were  described  in  the  last  chapter,  to  have  these  pipes 
trapped  immediately  below  the  sink,  for  unless  such  precaution  is 
taken  effluvium  will  be  drawn  in  through  them  from  the  external 
trap  by  the  greater  warmth  of  the  inside  air,  while  the  organic 
matter  which  must  hang  to  the  inner  sides  of  the  pipes  may  of 
itself  become  a  nuisance  as  it  putrifies.    The  simplest  traps  are 
best  for  the  object  in  view,  and  the  more  securely  they  are  fixed 
in  their  places,  so  that  they  cannot  be  easily  put  out  of  order  or 
removed  by  servants  or  children,  the  more  likely  they  are  to 
answer  their  purpose  satisfactorily.    This  precaution  is  especially 
necessary  in  the  case  of  upstair  sinks,  which  are  too  often  con- 
nected with  the  soil  pipe  of  the  water-closet. 

Figs.  48  and  49  represent  the  very  useful  sink  trap  of  Messrs 
Tye  and  Andrews,  of  Brixton  Road. 

As  will  be  observed,  at  the  bend  of  the  syphon,  screws  or  small 
Fig.  48.  Fig.  49. 
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caps  are  provided  for  examination,  and  for  the  removal  of  any 
stoppage  that  may  occur  in  them. 

Messrs.  Dent  and  Hellyer,  of  Newcastle  Street,  Strand,  and 
Messrs.  Sutcliffe,  of  Halifax,  manufacture  some  excellent  sink- 
traps  which  are  very  similar  to  the  preceding  illustration,  and 
equally  effective. 

Figs.  50  and  51  show  the  "registered  waste  pipe  and  grating" 
of  Messrs.  Adams  and  Son,  Haymarket,  London. 


Fig.  50. 


Fig.  51. 


Fig.  52. 


In  this  example  the  air-tight  plug  fit- 
ting into  the  down  pipe,  and  forming  the 
required  disconnection,  has  to  be  raised 
to  allow  the  liquid  to  escape,  and  this 
trouble  may  be  considered  a  drawback. 

Fig.  5  2  shows  the  Bower  trap,  which 
is  also  another  means  for  the  prevention 
of  the  rising  of  sewer  gas  into  the  dwel- 
ling. In  this  figure,  as  will  be  readily 
seen,  A  is  the  down  pipe  from  the  sink, 
B  the  outlet  pipe  to  the  sewer,  C  the 
cupshaped  chamber  removable  for 
cleansing  purposes  with  a  floating 
valve  or  ball  D  in  it,  which  auto- 
matically constitutes  the  trap.  The 
makers  state  that  it  will  resist  the 
greatest  pressure  from  without,  which 
is  a  great  advantage  over  other  traps,  if 
the  ball  obtains  its  seat  perfectly. 

As  may  be  judged  by  looking  at  the 
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drawing,  any  upward  pressure  of  air  or  water  against  the  trap  is 
well  resisted,  and  the  constant  depth  of  water  always  in  the  trap 
renders  unsyphonage  almost  impossible.  Glass  cups  or  chambers 
to  hold  the  ball  are  provided  to  these  traps  which  prove  very 
useful  for  inspection.  Jennings,  of  Lambeth,  likewise  has  invented 
a  trap  very  similar  in  construction  to  the  Bower  trap. 

These  three  sorts  of  traps  and  other  traps  constructed  on  the 
same  principles  have  superseded  the  old  "  bell  trap "  and  the 
"antil  trap,"  which  have  been  frequently  found  incapable  of 
preventing  the  escape  of  effluvia,  and  are  therefore  generally 
rejected  for  house  use.  In  places,  nevertheless,  where  these 
traps  have  been  well  fixed,  and  there  is  a  discharge  of  w^ater  only, 
and  that  discharge  is  constant,  or  of  sufficient  frequency  to  keep 
the  trapping  charged,  they  answer  their  purpose  well. 

XLIV. — Grease  Traps. — In  cases  where  it  is  impossible  to 
discharge  the  refuse  of  the  kitchen  or  scullery  sink  directly 
over  the  grating  of  an  outside  flushing  trap  —  and  this  is 
frequently  the  case  in  town  houses — it  is  possible  to  minimize 
the  evil  consequent  on  the  collection  of  grease  by  the  adoption 
of  a  trap  designed  specially  to  intercept  it.  A  grease  trap 
is  generally  placed  beneath  the  scullery  sink,  so  as  to  be  out 
of  the  way.  It  is  constructed  either  of  iron  or  earthenware.  In 
it  the  fat,  which  is  generally  in  a  semi-liquid  state  when  turned 
down  the  scullery  sink,  is  arrested  and  solidified,  the  liquid  passing 
on  into  the  main  outfall  sewer.  The  danger  of  the  house  sewer 
becoming  choked  up  by  an  accumulation  of  fat  is  thus  removed. 

In  cases  where  grease  traps  are  necessary  the  simplest  in  con 
struction  should  be  adopted  and  the  greatest  possible  care 
exercised  to  ensure  their  being  regularly  cleaned  out,  for  if  they 
are  not,  the  remedy  becomes  worse  than  the  disease.  It  is  for 
this  reason  that  those  erected  above  the  floor  level  are  to  be 
preferred  to  those  placed  below,  inasmuch  as  they  are  more  likely 
to  obtain  attention.  The  cover  should  be  made  air  tight,  and  so 
fixed  as  to  prevent  effluvium  rising  up  into  the  scullery,  and  the 
trap  itself  should  be  ventilated,  if  possible,  so  that  any  confined 
gases  may  escape  direct  into  the  open  air. 

Fig,  53  shows  the  grease  trap  made  by  Messrs.  Stidder,  of 
Southwark. 

It  is  constructed  of  iron  and  erected  above  .the  floor  level. 
It  has  a  door  in  the  front  cheek  for  the  purpose  of  clearing  out  the 
trap,  with  a  lip  to  empty  the  fat  into  a  pail  for  removal. 

The  arrows  sufficiently  indicate  the  flow  of  the  scullery  water 
without  any  further  description.  The  invention  seems  to  fully 
answer  the  objects  aimed  at. 
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Fig.  54  shows  an  equally  good  invention  in  earthenware,  of 
Mr.  Hellyer,  of  Newcastle  Street,  Strand. 


Fig.  54. 
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The  water  from  the  sink  enters  the  trap  by  the  pipe  at  N,  and 
the  outgoing  pipe  is  shown  at  O,  being  in  both  cases  a  few  inches 
below  the  standing  water.  Ample  means  is,  as  shown,  given  for 
cleaning  out  and  removing  the  solid  deposit  in  the  trap,  and  a  pipe 
for  external  ventilation  is  also  provided. 

XLV. — Housemaids'  Closets  and  Sinks. — Next  in  impor- 
tance to  the  water-closets  in  the  upper  floors  of  adweUing  the  house- 
maid's closet  deserves  consideration  as  the  sink  it  contains  serves 
for  the  discharge  of  all  upstairs  slops.  In  large  mansions  or  public 
institutions  it  is  almost  necessary  that  there  should  be  one  on  every 
landing,  while  in  smaller  dwellings  a  single  one  for  the  entire 
house  may  suffice.  By  their  adoption  not  only  is  much  manua| 
labour  saved  to  servants,  but  the  water-closet  apparatus,  which,' 
most  frequently  does  duty  as  a  sink  in  the  absence  of  special 
arrangements,  is  protected  from  derangement.  _    ,.  ^ 

Most  of  the  housemaids'  sinks  that  have  been  invented  aim  at 
the  same  object — the  discharge  of  liquid  refuse — though  othdfs 
combine  with  this  object  other  and  additional  services.  o 

In  every  case  there  should  be  a  water  supply  at  hand  to  flush 
the  discharge  pipes  whenever  necessary.  It  is  a  matter  of 
considerable  importance  that  they 
should  be  efficiently  trapped,  inas- 
much as  they  are  generally  con- 
nected with  the  soil  pipe  of  the 
water-closet  from  whence  sewer  air 
may  rise.  Housemaids'  closets,  too, 
should  never  be  placed  in  con- 
spicuous places,  as  they  are  generally 
subject  to  a  disagreeable,  though 
slight  odour,  which  renders  outside 
ventilation  advisable  and  cleanliness 
indispensable. 

Fig.  55  shows  Jennings'  house- 
maid's sink  adapted  to  the  upper 
floors  of  mansions  where  it  will  be 
found  extremely  appropriate  for  the 
discharge  of  bath  and  slop  waters 
removed  from  bedrooms.  It  is  ac- 
cessibly trapped  above  the  floor  line, 
and  is  provided,  as  may  be  noticed, 
with  a  movable  slatted  cover  to 
keep  back  the  larger  materials  which 
might  otherwise  choke  the  trap.  It 
should  be  provided  with  a  tap  for 
the  supply  of  water  for  chamber 
purposes  and  for  flushing  out  the  sink  whenever  necessary. 


Fig.  55. 
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One  of  Doulton's  housemaid's  sinks,  on  a  somewhat  larger 
scale  (being  a  wash-up  and  slop  sink  combined)  is  shown  bv 
Fig.  56.  ^ 


Fig.  56. 


It  is  provided  with  an  earthenware  basin  sufficiendy  capacious 
to  receive  the  contents  of  pails  or  other  utensils,  and  is  trapped 
above  the  floor  level.  The  sink,  wherever  practicable,  should  be 
fitted  with  both  hot  and  cold  water  taps. 

Fig.  57  shows  a  section  of  the  Holborn  slop  sink  made  by 
Stidder  and  Co. 

It  is  accessibly  trapped,  and  being  compact  may  be  advan- 
tageously adapted  to  small  dwellings  where  space  is  an  object, 
though  it  must  be  acknowledged  that  its  ventilation  seems 
defective.  This  last  remark,  it  should  be  added,  appears,  if  one 
may  judge  from  the  illustrations  given,  to  apply  equally  to  all 
housemaids'  sinks.  It  is  therefore  the  greater  reason  why  frequent 
flushing  should  be  insisted'  on,  and  where  the  sinks  are  close  to 
an  external  wall  that  ventilation  of  the  pipe  leading  to  the  soil 
pipe  should  be  added. 
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XLVL— Bath  Rooms  and  Bath 
Appliances.— It  is  now  generally 
acknowledged  that  a  dwelling  cannot 
be  considered  complete  without  a 
bath-room,  and  that  its  adoption 
should  not  be  limited  to  the  superior 
mansions  of  the  wealthy,  but  that  all 
classes  of  our  population  should 
have  it  in  their  power  to  benefit  by 
the  comfort,  cleanliness,  and  health- 
fulness  afforded  by  both  hot  and 
cold  baths.  In  large  mansions  and 
hotels  there  should  be  one  or  more 
bath-rooms  on  every  bedroom  floor, 
while  in  all  averaged  sized  dwellings 
one  placed  in  a  central  position  will 
be  tound  to  be  all  that  may  he 
positively  necessary  to  meet  require- 
ments. In  country  .houses,  where 
the  lavatory  is  in  frequent  use,  and 
it  can  be  made  to  conform  to  a 
compound  arrangement  embracing, 
besides  the  ordinary  accommodation 
of  a  lavatory,  a  bath,  a  water-closet 
(for  occasional  use),  and  a  urinal,  the 
ground  floor  will  be  its  best  position, 
in  which  case  it  should  consist  of  two  apartments,  the  lavatory 
forming  an  ante-room  to  the  bath-room  and  water-closet.  In 
small  dwellings  it  is  by  no  means  necessary  that  the  bath-room 
should  be  supplied  with  all  such  modern  and  luxurious  improve- 
ments and  the  most  simple  and  economical  arrangements  will 
suffice. 

For  mansions,  hospitals,  and  other  kindred  institutions  where 
the  latest  improvements  are  required,  there  are  numerous  sorts  of 
baths  before  the  public.  Where  baths  are  used  in  rapid  and 
continued  succession,  earthenware  and  masonry  will  be  found 
most  applicable,  for  although  such  materials  at  first  absorb  a  great 
quantity  of  heat,  they  afterwards  retain  it  for  a  long  time.  For 
superior  dwelHngs,  copper  baths  should  be  used  in  preference  to 
enamelled  metal  of  any  kind,  for  enamel  after  a  time  flies  and 
breaks  owing  to  the  expansion  and  contraction  of  the  metal  it 
covers.  This  objection  also  applies  to  japanned  zinc  and  iron, 
for  in  both  cases  the  japan  after  a  time  wears  off.  In  addition  to 
these  considerations,  it  may  be  said  that  copper  baths  after  some 
years  of  use  can  always  be  made  at  a  trifling  cost  as  good  as  new, 
or  if  sold  the  metal  will  realize  an  eighth  of  its  original  cost.  The 
most  useful  length  of  baths  is  five  and  a  half  feet  at  the  top  and 


Fig.  57. 
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r  and  a  half  feet  at  the  bottom,  with  a  depth  of  two  feet  three 


The  hot  and  cold  water  inlets,  instead  of  being  at  the  bottom 
of  the  bath,  as  may  be  frequently  seen,  should  be  placed  a  little 
distance  up  it,  or  as  is  required  by  the  water  companies  of  the 
metropolis,  above  the  overflow.  This  is  done  in  order  that  the 
water,  as  it  enters  the  bath,  may  be  both  seen  and  heard.  The 
system,  however,  is  open  to  objection,  for  when  the  supply  from 
the  boiler  is  very  hot,  the  bath-room  becomes  speedily  filled  with 
steam.  To  obviate  this,  as  pointed  out  by  Mr.  Hellyer,  the  inlets 
both  hot  and  cold  should  be  placed  at  a  height  of  a  few  inches 
above  the  bottom,  and  the  bath  should  be  filled  up  to  a  few  inches 
above  the  hot  water  inlet  with  cold  water  before  the  hot  is  admitted. 
Fig.  58  shows  Messrs.  Stidder's  method  of  complying  with  J;he 
requirements  of  the  metropolitan  water  companies. 


In  no  case  should  the  same  opening  act  as  inlet  for  supply  as 
well  as  a  waste,  for  when  this  is  the  case,  not  only  must  some  of 
the  soap-suds  and  other  floating  matter  discharged  on  the  last 
occasion  of  use  return  to  the  bath  when  the  water  is  next  admitted, 
but  in  cases  of  contagious  personal  ailments  infection  may  be 
easily  caused. 


pper  floors,  they  ought  invariably  to 


Fig.  58. 
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Special  care  must  be  taken  with  Fig.  59. 

the  waste  and  overflow  that  they 
should  be  of  sufficient  size — say  2 
inches— the  former  to  discharge  its 
contents  as  quickly  as  possible,  so 
as  to  ensure  a  good  flush  of  the 
outlet  pipe;  and  the  latter,  which 
may  either  be  brought  immediately 
into  the  open  air  through  the 
nearest  wall  with  a  flap  at  its  outer 
end,  or  connected  with  the  waste 
pipe,  which  under  any  circumstances 
must  be  efficiently  trapped  and  never 
connected  directly  with  the  soil  pipe 
or  sewer. 

Jennings'  invention  for  the  com- 
bined discharged  of  waste  and  over- 
flow is  here  shown  {see  Fig,  59)  and 
is  thus  described.  When  the  first 
water  enters  the  bath  all  the  dust 
and  deposit  left  on  the  surface  is 
carried  with  the  water  through  the 
grating  of  the  waste  into  the  cylinder 
or  chamber  containing  the  discharge 
valve ;  as  the  water  rises  in  the  bath, 
so  it  rises  in  the  cylinder  until  it 
reaches  the  top  of  the  standing 
waste,  which,  as  just  stated,  acts  as 
an  overflow.  When  the  bath  is  to 
be   emptied  the   hollow  plug   is  .  , 

raised,  and  the  escape  from  the  bath  being  perfectly  free  and  of 
large  capacity  the  deposit  usually  left  on  the  sides  and  bottom  of 
baths  drained  through  a  waste  cock  is  altogether  avoided. 
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XLVIL— Lavatories.— A  room  specially  fitted  up  as  a 
lavatory  and  bath-room,  as  suggested  in  the  previous  Section 
(XLVl),  or  as  a  lavatory  simply,  in  town  or  country  houses  should  be 
situated!  if  possible,  on  the  ground  floor,  as  such  a  position 
ensures  to  both  occupier  and  guests  a  great  saving  of  trouble. 

In  numerous  instances  lavatory  apparatus,  embracmg  a  hot 
and  cold  water  supply,  may  be  readily  adopted  throughout  the  bed- 
rooms and  dressing  rooms  of  the  upper  floors  of  dwellmgs  m  the 
place  of  the  jug  and  basin  system,  which  is  now  so  universal,  and 
by  its  adoption  not  only  may  both  time  and  trouble  be  saved  to 
the  occupants,  but  a  large  amount  of  unnecessary  labour  to  the 
servants.  These  observations  particularly  apply  where  hot  and 
cold  baths  are  provided  and  are  generally  used. 

Lavatory  arrangements  need  never  be  unsightly  in  appearance. 
They  more  frequently  partake  of  the  happy  combination  of  the 
useful  and  ornamental,  and  therefore  can  hardly  ever  be  out  of 
place  ;  neither  is  it  necessary  to  dwell  much  on  the  minor  details 
connected  with  them,  for  so  numerous  are  the  designs,  with  so 
little  difference  in  their  main  objects  and  characteristics,  that  it 
rests  chiefly  with  the  purchaser  to  make  a  selection  suitable  to 
his  individual  wants  and  to  the  distinguishing  feature  of  the  room 
in  which  they  are  to  be  placed.  The  apparatus  may  be  fitted 
with  either  the  tip-up  or  the  ordinary  plug  basin,  the  former  being 
generally  preferred  to  the  latter,  because  not  only  is  the  basin  more 
quickly  emptied  but  there  is  less  chance  of  soap  suds  and  other 
impurities  being  retained  within  it.  The  tip-up  basin  is,  however, 
subject  to  the  drawback,  that  owing  to  the  sudden  flush  of  water 
the  trap  beneath  may  become  unsealed,  and  that  the  container  too 
requires  frequent  cleaning. 

The  supply  taps  are  of  various  sorts,  and  the  most  suitable  are 
shown  and  described  in  Book  II,  Chapter  XII,  Section  LXXXIX. 
Care  must  be  taken  in  every  case  that  the  waste  or  outlet  pipe  is 
properly  trapped  in  an  accessible  manner,  and  under  no  circum- 
stance must  it  discharge  directly  with  the  soil  pipe  or  sewer. 

Fig.  6 1  shows  one  of  the  best  of  Doulton's  lavatory-stands, 
arranged  for  the  use  of  two  persons,  and  suitable  for  any  situation. 
It  is  fitted  with  tip-up  basins,  with  both  hot  and  cold  supply,  and 
is  most  simple  in  its  valve  arrangements.  Ornamentation  is  not 
forgotten,  and  its  price  not  being  prohibitory,  where  general 
excellence  is  aimed  at,  it  may  with  advantage  be  adopted  in 
superior  dwellings. 

Fig.  62  shows  another  of  Doulton's  toilet  lavatories  on  a 
somewhat  smaller  scale  for  the  use  of  one  person.  It  is  most 
applicable  for  bed  room  use,  and  is  fitted  up  with  every  con- 
venience as  in  the  previous  example. 
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Fig.  63  shows  a  somewhat  less  pretentious  angle  tip-up  lavatory 
by  Stidder  and  Co.,  which  may  be  taken  as  a  fair  example,  both  as 


Fig.  63. 


regards  size  and  fittings,  of  what  generally  is  requisite  for  billiard 
rooms,  or  passages  in  country  houses. 

The  illustration  (Fig.  60)  which  precedes  this  section  shows  a 
lavatory  and  bath-room  combined.  It  is  the  arrangement  of 
Messrs.  Doulton  and  Co.,  who  with  several  other  firms  of 
eminence  have  given  special  attention  to  lavatory  appliances. 

XLVIII. — Urinals. — A  urinal  should  never  be  erected  in  a 
dwelling  except  under  the  following  conditions  : — (i.)  That  it 
is  placed  in  a  thoroughly  retired  position ;  (2.)  That  it  is  well  venti- 
lated, and  has  a  plentiful  supply  of  water  for  flushing  purposes ; 
and  (3.)  That  its  outlet  should  be  thoroughly  disconnected  from 
the  soil  pipe  or  sewer.  Failing  any  of  these  necessary  requirements 
what  may  otherwise  prove  a  great  convenience  is  certain  to  become 
a  positive  nuisance. 
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Those  to  be  preferred  are  made  of  glazed  ware,  either  fixed 
above  a  treadle  plate  which  when  stood  upon  causes  a  flush  of 
water  to  be  poured  into  the  basin  from  the  supply-pipe  above  it, 
or  below  an  apparatus,  such  as  that  of  Jennings,  automatically 
discharging  its  C(Dntents  into  the  urinal  at  stated  intervals ;  or  they 
are  provided  with  the  necessary  flush  from  a  tap  or  valve  over  the 
basin,  which  has  to  be  brought  into  action  each  time  the  urinal  is 
used.  The  former  plans  are  preferable  as,  owing  to  carelessness, 
the  latter  means  of  flushing  is  often  overlooked,  and  the  power  of 
regulating  an  automatic  flush  by  syphon  or  tip-over  basin  being 
well  understood  (see  Chapter  IV,  Section  XXXVII),  there  exists  no 
reason  why  urinals  should  not  always  be  automatically  cleansed 
by  periodical  flushes  without  waste  of  water. 

Fig.  64.  The  name  of  Jennings  is  more 

associated  with  this  description  of 
sanitary  appliance  than  that  of  any 
other  individual,  and  some  excellent 
specimens  are  known  as  his  in- 
ventions. There  are  several  other 
patentees,  however,  whose  products 
are  well  known,  and  Fig.  64  shows 
Stidder's  patent  urinal  which  ap- 
pears to  be  very  suitable  for  private 
dwellings.  In  this  invention  there 
is  always  water  to  a  depth  of 
inches  in  the  basin  which  dilutes  the 
urine  and  thus  prevents  corrosion  in 
the  waste  pipe  and  trap.  The  trap, 
as  will  be  seen,  is  an  effective  one, 
and  is  fitted  with  an  inspection  cap 
which  is  also  useful  for  inspecting 
the  waste  pipe.  With  each  flush  of 
water  not  only  is  the  basin  flushed 
out  and  the  water  in  it  changed,  but 
the  water  in  the  trap  underneath  is 
also  renewed.  This  double  pro- 
tection, if  aided  by  the  ventilation 
of  the  pipe  C,  must  prevent  annoyance. 

It  may  sometimes  be  necessary  in  offices  and  chambers  to 
provide  a  urinal  so  contrived  in  shape  as  to  be  let  into  the  wall 
of  the  room  and  thus  to  be  hid  from  sight  when  not  in  actual 
use. 

Fig.  65  illustrates  a  urinal  of  this  description,  ready  for  use. 
The  flushing  pan  is  at  the  back.  It  is  made  in  the  best  Stafford- 
shire pottery,  and  fixed  to  a  mahogany  door  and  frame.  A 
plentiful  supply  of  water  is  even  more  necessary  in  this  case  than 
in  any  other  form  of  urinal,  for  without  it  a  nuisance  must  speedily 


AIR.] 


INTERNAL  SEWERAGE. 


97 


arise.  It  should  be  noticed,  too,  as  an  additional  reason  for  a 
copious  supply  of  water,  that  there  is  no  means  of  affording  ventila- 
tion to  the  urinal  when  it  is  closed. 


Fig.  65. 
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CHAPTER  VI. 

XLIX. — General  Observations. — Enough  has  been  said  in 
previous  sections  to  show  that  as  the  air  incumbent  upon  a  free 
and  aerated  soil  in  its  natural  condition  is  invariably  pure  and 
wholesome,  it  is  the  duty  of  the  engineer  to  secure,  by  effective 
under-drainage,  such  a  condition  of  the  land  upon  which  the 
dwelling  stands  as  will  ensure  these  advantages  to  its  occupants. 

In  relation,  however,  to  "  ventilation"  in  its  general  application 
to  the  dwelling,  the  engineer's  duty  may  perhaps  be  considered  to 
end  outside  it,  by  the  provision  of  external  air  answering  to  the 
attainable  standard  of  20"96  per  cent,  of  oxygen,  and  '04  per 
cent,  of  carbonic  acid,  leaving  it  to  the  architect  in  designing  the 
rooms  and  passages  within  the  dwelling  to  secure  an  internal 
condition  of  atmosphere  in  which  the  amount  of  carbonic  acid 
shall  not  rise  above  '06  per  cent. 

It  can  hardly  be  the  province  of  the  engineer  to  lay  down  any 
regulations  for  the  guidance  of  the  architect  in  the  attainment  of 
this  object,  though  many  of  our  most  costly  private  and  public 
buildings  illustrate  in  a  very  conclusive  manner  how  prejudicial 
to  health  is  the  disregard  of  such  considerations.  I  except  from 
this  remark  the  ventilation  of  sewers,  traps,  soil-pipes,  and  other 
appurtenances  to  sewers,  the  proper  working  of  which  is  particu- 
larly the  duty  of  the  engineer.  As  a  general  rule  it  may  be  stated 
that  dwellings,  built  on  a  dry  soil,  which  maintain  in  their  several 
apartments  the  full  amount  of  air  required  for  animal  respiration 
and  the  combustion  of  fuel  used  in  each  apartment — a  condition 
generally  gained  by  properly  devised  doors,  windows,  and  fire- 
places— will  maintain  this  standard  without  any  special  efforts  at 
ventilation. 

The  maintenance  of  pure  air  within  the  apartments  of  the 
dwelling  may  generally  be  left  to  the  natural  laws  governing 
temperature  and  the  diffusion  of  gases;  though,  to  avoid 
draughts,  it  is  often  necessary  to  raise  by  artificial  means  the  tern- 
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perature  of  the  in-coming  air  by  admitting  it  through  passages,  or 
over  surfaces  which  are  heated,  rather  than  directly  from  the  open 
air.  Richardson,  who  is  an  accepted  authority  on  the  subject, 
says:  "In  the  ventilation  and  warming  of  a  private  dwelling,  I 
would  begin  first  with  the  staircase.  This  we  ought  to  consider 
the  principal  artery  of  the  house ;  and,  if  this  were  well  warmed 
by  a  current  of  warm  fresh  air  flowing  into  it,  and  a  constant 
change  effected  by  a  ventilating  outlet,  warmed,  so  as  to  ensure  its 
effective  operation,  a  great  part  of  the  business  would  be  effected,  as 
the  staircase  would  supply  all  rooms  not  in  use  with  warm  air 
in  a  sufficient  degree,  and  would  gradually  ventilate  the  _  whole 
building,  rendering  it  unnecessary  to  have  further  ventilation, 
except  in  the  principal  living  and  sleeping  rooms  of  the 
family." 

The  following  observations*  on  the  heating  of  air  and.  water 
will  be  found  useful  when  devising  arrangements  for  the  warming 
of  passages  and  staircases  by  pipes. 

"  In  order  to  raise  i  lb.  of  water  from  32°  to  212°,  the  same 
quantity  of  heat  is  required  as  will  raise  4  lbs.  of  atmospheric  air 
the  same  number  of  degrees.  So  also,  a  pound  of  water  in 
losing  I  degree  would  raise  4  lbs.  of  air  i  degree. 

"  On  comparing  equal  volumes  the  resiilt  is  more  striking ; 
water  is  770  times  heavier  than  air,  and  a  cubic  foot  of  water  in 
losing  I  degree  of  temperature  would  raise  770  x  4  =  3080  cubic 
feet  of  air  i  degree. 

"If  we  note  the  time  required  to  raise  water  from  the  freezing 
to  the  boihng  point,  or  from  32°  to  212°,  through  an  interval  of 
180°,  and  then  note  the  time  required  to  boil  away  the  whole  of 
the  water,  it  will  be  found  to  be  5-^  times  that  of  the  former  •  that 
is,  if  it  require  five  minutes  to-  raise  the  thermometer  180°,  or  from 
freezing  to  boiling,  it  will  require  27^  minutes  to  boil  away  the 
whole  of  the  water  without  any  rise  of  temperature.  It  is  obvious, 
therefore,  that  during  this  time  the  water  in  passing  into  steam 
must  have  absorbed  iSo"  x  5^  =  990°,  which  is  the  latent  heat 
of  steam, 

"  I  gallon  of  water  converted  into  steam  contains  sufficient 
heat  to  raise  5-|  gallons  from  32°  to  212°.  Hence,  steam  made 
to  circulate  in  pipes  through  a  building  is  an  efficient  and  econo- 
mical source  of  heat,  i  square  foot  of  radiating  surface  in  a 
steam  pipe  being,  in  general,  sufficient  for  warming  200  cubic  feet 
of  space.  No  other  vapour  contains  nearly  so  much  latent  heat 
as  steam.  A  cubic  inch  of  water  at  212"  becomes  very  nearly  a 
cubic  foot  of  steam  at  the  same  temperature,  expanding  as  it  does 
into  1696  times  its  volume." 

The  various  contrivances  which  we  see  advertised  for  securing 
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what  IS  rightly  or  wrongly  termed  "  ventilation,"  are  only  useful 
when  a  sufhcient  provision  of  air  space,  and  a  proper  provision 
of  inlets  and  outlets  in  the  shape  of  doors,  windows,  fire-places, 
flues,  and  shafts  are  wanting.  Every  day's  experience,  indeed^ 
clearly  proves  that  if  we  exclude  from  consideration  the  special 
apphances  used  with  drainage  and  sewerage  of  dwellings,  re- 
finements of  ventilation  are  quite  out  of  place  in  well-planned 
private  houses,  and  need  only  be  resorted  to  where  large 
numbers  of  persons  congregate  in  special  apartments  or  buildings, 
or  where  the  arrangements  of  a  dwelling  are  defective,  or  where 
accident  has  defeated  a  good  design.  Every  apartment  from 
cellar  to  attic  in  a  private  dwelling  should  command  the  necessary 
circulation  of  air  without  the  existence  of  draughts,  which  are 
equally  resisted  by  the  poor  in  the  cottage  and  the  wealthy  in  the 
mansion.  The  rural  labourer  will  stop  up  with  a  wisp  of  hay  the 
best  patent  ventilator  his  landlord  may  introduce,  if  by  atmos- 
pheric attraction  cold  air  rushes  in  to  take  the  place  of  warm,  and 
it  makes  him  feel  cold  ;  w^hile  the  wealthy  nobleman  will  simply 
vacate  one  apartment  for  another  if  he  is  made  uncomfortable 
from  the  same  cause. 

Without  trenching  on  the  province  of  the  architect,  it  may  be 
useful  here  to  give,  in  addition  to  what  has  been  already  said, 
some  further  information  as  to  the  space  required  for  the  main- 
tenance of  health  within  the  dwelling.  Some  of  the  figures  about 
to  be  quoted  will  not,  however,  accord  with  those  already  given, 
nor  with  each  other,  the  only  positive  inference  to  be  drawn  from 
them  being  that  in  every  living  room  there  should  be  a  constant 
but  imperceptible  change  of  fresh  for  used  air,  in  quantity  pro- 
portionate to  the  number,  age,  and  occupation  of  the  inmates. 
The  engineer  outside,  and  the  architect  inside,  should  make 
the  requisite  arrangements  for  securing  this  circulation  in  ordinary 
dwellings,  while  in  the  case  of  special  buildings  in  w^hich  an  extra 
number  of  people  congregate,  the  ventilation  should  be  placed  in 
the  hands  of  an  expert  who  has  devoted  his  attention  to  ventila- 
tion under  every  condition. 

The  number  of  respirations  which  men  on  an  average  take  in 
a  minute  is  stated  to  be  20,  and  the  volume  of  air  inhaled  each 
inspiration  is  equal  to  40  cubic  inches,  giving  800  cubic  inches  as 
the  volume  per  minute  which  is  expired  from  the  lungs  after  use. 
{Tredgold).  This  volume  is  calculated  by  the  same  authority  to 
render  unfit  for  being  breathed  a  much  larger  quantity  of  sur- 
rounding air.  The  atmosphere  of  a  lighted  room  containing 
several  persons  is  stated  to  be  directly  and  indirectly  vitiated  to 
such  an  extent  as  to  require  a  supply  of  fresh  air  equal  to  4  cubic 
feet  per  minute  for  each  individual  in  the  room.  This  quantity, 
however,  appears  by  the  researclies  of  Dr.  Parkes,  Dr.  De 
Chaumont,  and  Dr.  Angus  Smith,  to  be  altogether  inadequate. 
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The  cubical  space  considered  to  be  necessary  to  afford 
dilution,  and  so  correct  the  air-vitiation  of  public  buildings,  varies 
in  a  manner  impossible  to  reconcile.  For  instance,  the  cubical 
space  considered  by  high  authority  to  be  a  right  provision  in  the 
case  of  schools  erected  by  the  London  School  Board  is  130  cubic 
feet  per  scholar;  that  for  dormitories  under  the  Metropohtan 
Lodging  Houses  Act  is  240  cubic  feet  per  head,  while  that 
allowed  by  the  Poor  Law  Board  is  300  cubic  feet  per  head 
for  healthy  persons  in  workhouse  dormitories.  In  English 
barracks  the  space  considered  to  be  right  is  400  cubic  feet 
per  man  in  wooden  huts,  and  600  cubic  feet  in  more  substantial 
structures.  Eight  hundred  cubic  feet  per  head  seems  to  be, 
however,  the  usual  space  required  in  middle-class  _  houses  ; 
whilst  in  hospitals  where,  for  obvious  reasons,  an  increased 
space  should  be  given,  the  allowance  varies  from  1,000  to  1,500 
cubic  feet  per  person.  In  the  building  of  labourers'  cottages  on 
well-managed  estates  in  this  country,  the  recognized  cubical  space 
of  living  rooms  is  1,200  feet,  of  parents'  bedrooms  900,  and  of 
children's  bedrooms  675  cubic  feet. 

Perhaps  the  most  useful  rules  that  can  be  recorded  as  to  the 
quantity  of  external  pure  air  which  should  pass  per  hour,_  per 
head,  through  a  room,  in  order  to  keep  down  the  carbonic  acid  to 
the  accepted  ratio  already  given,  are  those  which  are  furnished  by 
the  late  Dr.  Parkes  in  his  Practical  Hygiene,  in  a  table,  from  which 
the  following  figures  are  taken  : — 


Amount  of  cubic  space 
provided  per  person. 


Cubic  Feet. 

100 
200 
300 
400 
500 
600 
1,000 


Amount  of  air  necessary 
to  dilute  to  a  standard  of 
■06  per  100  (or  "04  C.  acid 
and  '02  respiration)  dur- 
ing the  first  hour. 

Cubic  Feet. 

2,900 

2,800 

2,700 

2,600  . 

2,500 

2,400 

2,000 


Amount  necessary  to  di- 
lute to  same  standard 
after  the  first  hour. 

Cubic  Feet. 


3,000 
in  each  case. 


How  is  this  mixture  of  fresh  air  with  the  vitiated  air  to  be 
accomplished?  Carbonic  acid  gas  is  heavier  than  atmospheric 
air,  and  expired  air  is  rather  lighter  than  the  air  of  a  room  under 
ordinary  conditions.  This  is  due  to  the  existence  of  nitrogen  and 
vapour  both  of  less  specific  gravity  than  air,  and  the  higher  tem- 
perature of  the  breath  and  the  emanations  of  living  bodies.  These 
conditions  give  to  vitiated  air  the  buoyancy  which  takes  it  to  the 
upper  part  or  ceiling  of  a  room,  and  point  to  the  latter  as  the 
proper  place  for  the  outlet.  The  outer  and  cooler  air,  whether 
admitted  from  'the  open  space  surrounding  the  dwelling,  or  from 
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lussages  existing  in  it,  should  come  in  from  a  level  as  low  as 
circumstances  will  admit  without  causing  a  draught,  and  to  assist  in 
the  circulation  and  dilution  of  air,  when  doors,  windows,  and  fire- 
places fail  in  that  duty,  it  would  appear  desirable,  as  previously 
stated,  to  build  in  union  with  each  stack  of  chimneys  an  air  shaft 
(empty  chimney)  to  serve  the  single  purpose  of  ventilation.  In 
this  shaft  valves  specially  arranged  may  be  inserted  to  rid  each 
chamber  on  the  different  floors  of  heated  and  vitiated  air.  The 
warmth  of  the  air  maintained  in  the  shaft  will  assist  the  ventilation 
without  risk  of  nuisance  from  smoke  and  dirt  which  so  often  attends 
the  introduction  of  valves  into  chimneys,  and  as  a  general  rule  it  may 
not  be  found  necessary  to  adopt  cowls  of  any  kind,  though  one  at 
the  top  of  each  of  these  shafts  can  do  no  harm  and  may  do  good. 

Mr.  Eassie,  in  his  valuable  treatise  on  The  Sanitary  Arrange- 
ments in  Dwellings,  relates  a  very  interesting  experiment  made  by 
Dr.  Russell,  of  St.  Bartholomew's  Hospital,  to  ascertain  the  tem- 
perature of  different  parts  of  a  room  of  which  the  doors  and 
windows  were  of  the  ordinary  kind.  The  experiment  was  tried 
with  both  doors  and  windows  closed,  and  .with  a  fire  and  three 
gas  burners  alight.  The  size  of  the  room  was  13  feet  x  15^  feet, 
and  ipi  feet  high,  and  two  persons  only  were  in  it,  and  this 
condition,  it  was  assumed  by  Dr.  Russell,  was  exactly  the  same  as 
that  of  thousands  of  houses  during  the  winter  season.  After 
three  hours  has  elapsed  the  temperature  at  nine  inches  below 
the  ceiling  had  risen  lyf  degrees;  at  5  feet  above  the  floor-line 
it  had  risen  15  degrees,  while  at  the  floor-line  it  was  4  degrees 
only  above  the  temperature  recorded  before  the  doors  and 
windows  were  shut,  and  when  the  room  was  filled  with  fresh  air. 
From  this  it  will  be  seen  that  in  any  arrangements  made  for 
the  removal  of  vitiated  air,  and  the  admission  of  fresh  air,  it  is 
necessary  to  have  regard  to  the  conditions  which  rule  the  tem- 
perature of  the  room. 

The  artificial  supply  of  fresh  air  of  a  regulated  temperature  to, 
and  the  removal  of  vitiated  air  from,  public  buildings,  such  as 
hospitals  and  asylums,  and  of  private  mills  and  factories,  and  the 
dormitories  of  large  institutions  are,  as  already  stated,  objects  of 
extreme  difficulty.  Up  to  this  time  science  has  certainly  not  been 
able  fully  to  master  the  subject,  although  a  great  number  of 
valuable  theories  have  been  propounded  by  experts,  and  ingenious 
inventions  brought  forward. 

L. — Fresh  Air  Inlets  and  used  Air  Outlets  (including 
Exhaust  Cowls). — Fresh  Air  Inlets. — To  secure  a  constant, 
equable,  and  regular  supply  of  fresh  air  to  the  rooms  of  ordinary 
dwellings  in  sufificient  quantity  and  without  the  creation  of  a  draught, 
is  an  all  important  matter  to  the  architect  who  realises  his  duties. 
Various  have  been  the  means  attempted  to  achieve  this  end,  when 
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ordinary  means  have  failed,  and  various  kinds  of  inlets,  with  and 
without  flaps,  valves,  and  other  devices,  have  each  in  their  turn 
been  tried,  though  with  no  certainty  of  success. 

A  fresh  air  inlet,  when  it  is  intended  to  form  a  means  of  supply 
for  the  whole  or  principal  part  of  a  house,  should,  if  possible,  be 
fed  from  the  basement  with  air  unaffected  by  surrounding  effluvia 
and  dust ;  or  if  placed  to  do  service  at  a  higher  level,  should  be 
connected  with  the  central  hall  or  corridor  by  means  of  a  shaft. 
It  should  also  be  provided  with  valves  so  as  to  regulate  the  supply 
in  accordance  with  the  season.  The  fresh  supply  having  been 
thus  concentrated  in  the  most  suitable  position  m  the  dwelling 
it  may  where  deemed  advisable,  be  made  to  pass  over  or  through 
coils  of  hot  water  pipes,  and  having  by  this  means  been  heated  to 
a  regular  temperature,  say  65°,  may  be  diffused  through  all  the 
Hving  rooms  of  the  dwelling. 

When  such  a  general  system  as  this  is  aimed  at,  each  room 
should  have  an  inlet  or  inlets  by  means  of  specially  made 
apertures.  These  apertures  may  be  hidden  from  sight,  but  are 
essential  to  the  general  diffusion  of  fresh  air.  The  well-known 
rule  that  fresh  air  should  not  be  admitted  at  too  low  a  level  should 
never  be  departed  from,  for  if  it  is,  a  sensible  chilluiess  will  be 
experienced  by  the  inmates.  It  should  always  be  remembered 
that  there  is  no  chance  of  the  cool  air,  wherever  admitted, 
passing  directly  out  of  the  room  by  any  apertures  that  may 
be  available  for  its  exit,  for  being  naturally  heavier  than  the 
warm  air  aheady  in  the  apartment,  it  must  fall,  and  be  diffused 
"enerally. 

^  It  is  also  a  matter  of  great  importance  that  the  main  fresh  air 
inlet  to  a  dwelling  should  be  sufficiently  large  to  thoroughly 
answer  its  purpose. 

Drs.  Drysdale  and  Hayward  say,  on  this  point,  "  The  primary 
inlet  into  the  house  for  the  fresh  air  must  be  sufficiently  large  to 
transmit  an  ample  supply  for  the  total  wants  of  the  house  when  it 
is  put  to  its  maximum  of  use.  In  such  a  house  as  we  have 
supposed  {a  good  sized  suburban  villa)  it  must  be  capable  of  giving 
passage  to  8,087  cubic  feet  of  air  per  minute,  i.e.,  1,575  cubic  feet 
for  the  occupants,  512  for  the  gas  lights,  and  6,000  for  the  fires 
(six  living  rooms  at  800  cubic  feet,  and  two  bedrooms  at  600 
.cubic  feet  each).  In  other  words  it  should  be  capable  of 
'replenishing  the  whole  house  three  times  every  hour." 

In  cases  where  a  general  scheme  of  ventilation  for  the  whole 
dwelling  is  impracticable,  fresh  air  may  be  admitted  into  each 
separate  apartment  by  apertures  made  in  the  outer  walls  at  or 
near  the  floor  level  and  connected  with  vertical  tubes  rising 
up  the  sides  or  angles  of  the  room  to  a  height  a  little  above  the 
heads  of  occupants  when  seated.  It  is  there  liberated  and 
imperceptibly  diffused  through  the  room.    Valves  to  regulate  the 


104 


VENTILATION. 


[air. 


admission  of  the  air  and  which  may  be  moved  at  will  by  the 
hand,  should  be  provided  to  these  tubes. 

w,>WK  ^^'''l^  -^^  objection  caused  in  towns  by  the  admission 
With  the  fresh  air  of  dust  and  sooty  matters,  a  regulated  quantity 
of  water  may  rest  in  a  tray  in  the  base  of  the  tube,  which  is 
so  shaped  that  the  incoming  air  must  pass  in  close  proximity  to 
the  water.  1  he  dirt  is  absorbed  by  this  water  and  not  allowed  to 
enter  the  room  by  the  vertical  tube,  though  the  free  passage  of 
iresh  air  is  in  no  way  impeded. 

Fig  66  illustrates  the  method  on  a  small  scale,  as  carried  out 
by  the  Sanitary  Engineering  and  Ventilation  Company,  of  Victoria 
Street,  Westminster. 

Fig.  66. 


To  keep  these  ventilators  in  perfect  working  order,  the  water 
iii  the  tray  of  the  box  concealed  in  the  wall  should  be  replenished 
once  a  week.  This  may  be  done  by  pouring  a  large  jug  or  can  of 
water  down  the  tube,  taking  care  that  the  valve  is  open  at  the 
time ;  and  access  to  the  water  box  may  be  obtained  from  the  out- 
side, by  turning  back  the  hinged  grating  and  lifting  the  front 
deflector  plate,  which  is  also  hinged. 
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Fig.  67  shows  another  means  for  preventing  the  admission  of 
blacks  and  other  dirt.  In  this  case  cleansing  bags  of  fine  material, 
to  which  the  impurities  adhere,  are  suspended  m  the  tubes. 
They  should  be  drawn  out  from  the  top  of  the  tube  once  a  month 
and  cleansed,  to  keep  the  tubes  in  perfect  action. 


Fjg.  67. 


The  probability  of  this  mode  of  ventilation  coming  into  general 
use  is  much  lessened  by  the  necessity  of  frequent  change  and 
cleansing,  which  experience  shows  would  involve  neglect. 

There  are  various  more  primitive  means  in  extensive  use  for 
the  admission  of  fresh  air,  such  as  the  placing  of  a  block  of  wood 
under  the  lower  sash  of  the  window,  thus  allowing  fresh  air  to 
come  in  through  the  space  left  between  the  lower  and  upper  sash, 
the  cutting  of  circular  holes  in  the  woodwork  of  windows,  care 
being  taken  to  fill  them  with  cotton  wool  so  as  to  prevent  the 
entrance  of  dirty  floating  substances ;  while  various  kinds  of 
louvre  ventilators  of  wood  and  glass  may  be  found  useful  in 
individual  cases. 


io6 


VENTILATION. 


[air. 


_  Used  Air  Outlets.— \J?>ed  air  outlets  for  the  discharge  of  vitiated 
air  from  the  rooms  of  dwellings,  when  the  ordinary  chimney  draught, 
and  the  accidental  apertures  of  doors,  windows,  and  floors  are  not 
sufficient  to  secure  circulation,  are  generally  placed  near  to  or  in 
the  ceiling  of  the  room  to  be  ventilated. 

It  should  be  always  borne  in  mind  ihat  with  successful  arrange- 
ments for  the  introduction  of  fresh  air,  there  are  many  cases  when 
a  room  may  be  well  ventilated  by  the  open  fire  grate  alone, 
unassisted  by  any  artificial  means  ;  and  that  where  this  has  been 
proved  insufficient  there  are  various  simple  means  which  may 
rectify  the  fault  without  entailing  any  very  great  expense. 

First  should  be  noticed  the  invention  of  the  late  Dr.  Arnott, 
called  the  Arnott  Ventilator,  which  is  a  self-acting  valve  to  be  let 
into  the  chimney  of  the  room  to  be  ventilated  so  as  to  extract  the 
foul  air  by  means  of  the  upward  draught  of  the  chimney. 

Captain  Galton,  however,  in  speaking  of  it  in  his  Healthy 
Dwellings,  says  that  inasmuch  as  the  number  of  cubic  feet  which  can 
pass  through  the  valve  into  the  chimney  per  hour  is  very  limited, 
this  form  of  ventilator  is  not  adapted  to  be  the  only  outlet  for  any 
room  with  several  people  in  it.  It  is,  moreover,  subject  to  the 
objection  that  it  affords  a  ready  passage  into  the  room,  upon  a 
change  of  draught,  for  dirt  and  dust,  which  in  time  mark  the 
ceiling  and  the  wall  in  such  a  manner  as  to  cause  a  disfigure- 


FiG.  68. 


Fig.  69. 
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ment,  which  it  is  hardly  possible  by  any  preventive  measures  to 

"""^In  rooms  where  there  are  many  occupants,  or  where  rnuch 
jras  is  used,  as  in  dining,  billiard,  and  smoking  rooms,  it  has  been 
desirable  to  ventilate  them,  and  to  carry  off  the  furnes  of  the  gas 
at  the  same  time.  This  in  many  instances  may  be  favourably 
done  in  moderate  sized  dwellings  by  means  of  special  tubes,_  as 
shown  by  Figs.  68  and  69,  connected  with  a  shaft  of  the  description 
suggested  in  Section  XXV,  or  by  direct  communication  with  the 
open  air  by  passage  between  ceiling  and  floor  above. 

Mr  Boyle,  of  the  Holborn  Viaduct,  advocates  a  very  perfect 
system  of  tubes  throughout  the  whole  house,  with  special  means  for 
the  admission  of  fresh  and  the  discharge  of  used  air.  His^system 
of  tubes  are  in  certain  instances  associated  with  artificial  heating, 
whereby  the  incoming  fresh  air  is  warmed,  and  a  more  perfect  cir- 
culation maintained.  In  large  establishments,  both  public  and 
private,  such  an  arrangement  may  be  found  very  desirable. 

A  special  flue,  if  reserved  solely  for  ventilation,  with  valves  to 
facilitate  the  discharge  of  used  air  into  it,  is  naturally  free  from 
the  objection  raised  in  a  previous  paragraph  to  chimneys  used  for 
the  same  purpose.  Automatic  valves  are  often  found  very 
necessary  in  connection  with  used  air  outlets  when  they  discharge 
directly  into  the  open  air,  for  if  they  are  not  adopted,  the 
"  outlets  "  are  sure  at  one  time  or  another  to  become  inlets,  and 
prove  sources  of  annoyance.  Unlike  the  system  advocated  by 
Boyle,  who,  as  explained,  takes  the  used  air  by  separate  channels  up 
to  the  roof  of  the  house,  there  to  be  drawn  out  by  exhaust  cowls, 
Drs.  Drysdale  and  Hayward  have  laid  it  down  that  it  is  necessary 
to  concentrate  the  tributary  tubes  by  separate  courses  at  one 
point  at  the  top  of  the  house,  so  as  not  to  allow  them  to  enter 
the  exhaust  shaft  at  the  various  floor  levels.  They  give  the 
following  reasons  for  this  necessity.  They  say  "  there  is  the 
danger  that  the  foul  air  may  be  drawn  from,  one  room  into 
another ;  and  besides  this,  when  several  flues  (tubes)  enter  one 
common  shaft  at  diff'erent  levels  the  draught  is  so  interfered  with 
that  it  becomes  quite  irregular  and  uncertain,  some  of  the  flues 
(tubes)  receiving  more  than  their  proper  share  of  the  suction,  whilst 
others  receive  litde  or  none.  Hence  it  is  absolutely  necessary 
that  all  the  flues  (tubes)  of  the  house,  shall  be  conducted  separately 
to  above  the  level  of  the  ceihng  of  the  top  room,  and  then  be 
carried  down  again  by  one  common  syphon  flue  (tube)  to  the 
bottom  of  the  kitchen  chimney  shaft,  so  that  the  full  suction 
power  may  act  upon  them  all." 

It  is  not,  however,  proposed  in  this  work  to  dwell  in  detail 
upon  any  special  arrangements  of  extensive  ventilation ;  for  this 
should  be  the  work  of  experts,  inasmuch  as  it  is  generally  unneces- 
sary in  ordinary  dwellings,  and  the  aid  of  experts  who  have  made  it 
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the  special  subject  of  their  lives  has  to  be  sought  when  any  such 
scheme  is  specially  desired. 

•^^haust  Cowls,— numerous  are  the  varieties  (with  so  little 
difference  between  them)  of  cowls  now  before  the  public,  both  rotatory 
and  stationary— most  of  which  have  been  treated  in  detail  by  the 
various  sanitarians  who  have  written  on  the  subject,  that  it  is  only 
here  proposed  to  refer  to  a  few  of  the  best  known,  whose  simplicity 
should  command  attention.  An  opinion  which  appears  to  be  well 
founded  is  gradually  gaining  ground  that  stationary  cowls  possess 
one  great  advantage  over  rotatory  ones  in  that  the  motion  of  the 
latter  is  hable  to  be  impeded  by  the  corrosion  consequent  on 
exposure  to  the  weather,  and  that,  therefore,  when  they  are 
adopted,  periodical  inspection  becomes  a  matter  of  necessity. 
This  corrosion  is  sometimes  rapid  in  cowls  placed  over  soil  pipes. 
Among  rotatory  ventilators  should  be  noticed  Banner's  cowl, 
Howarth's  archimedean  screw,  and  the  empress  cowl. 


Fig.  70. 


Fig.  70  represents  Banner's  rotatory  cowl,  which  is  undoubtedly 
the  best  of  its  class.  In  this  cowl,  experience  has  shown  that  the 
drawback  just  referred  to,  as  inherent  in  revolving  cowls,  can  to  a 
great  extent  be  overcome  by  means  of  lubrication,  and  that  it  can  be 
made  to  act  for  years  without  derangement.  Its  apjDearance  may  be 
made  ornamental  (see  Fig.  71),  and  its  action  is  thus  described. 
*'  The  large  end  of  a  funnel  shaped  tube  is  always  directed  towards 
the  wind,  and  a  current  of  air  passing  in  there  is  pressed  forward 
through  the  annular  space  between  the  two  cylinders.    When  it 


Fig.  71. 
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reaches  the  end  of  the  inner  one  it 
expands  round  it,  and  in  its. passage 
out  at  the  smaller  end,  a  vacuum 
is  created  round  the  point  of  the 
inner  cylinder,  which  by  suction 
draws  out  its  contents  into  the 
outer  air. 

The  empress  cowl,  now  in  com- 
mon use,  is  designed  to  secure  an 
up-draught  action  of  the  combi- 
nation of  a  vertical  louvre  cover 
revolving  with  an  internal  archi- 

medean  screw.  . 

Among  the  best  stationary  exhaust  cowls  should  be  noticed 
Boyle's  patent  air  pump  ventilator— a  small  specimen  of  which  is 
illustrated  by  Fig.  72,  Hellyer's  exhaust  cowl  {see  Fig.  73),  Banner's 
cowl  {see  Fig.  74),  Buchan'scowl  {see  Fig.  75),  and  the  cowl  of  the 
Sanitary  Engineering  and  Ventilation  Company  {see  Fig.  76). 


Fig.  72. 


Fig.  73. 


These  several  cowls,  though  differing  in  their  form,  all  aim  at 
the  same  object — the  extraction  of  the  air  or  vapour  it  is  desired 
to  discharge,  by  means  of  a  cross  horizontal  draught  acting  upon 
the  vertically  uprising  air  or  vapour,  without  the  possibility  of  a 
down-draught. 

The  air  pump  ventilator  (Fig.  72),  the  inventor  says,  consists  of 
four  sections  {see  Fig.  77),  each  acting  independently  of  the  other  : 
I  shows  a  curved  baffle  plate  or  guard  to  concentrate  the  current, 
and  prevent  the  wind  blowing  through  the  slits  opposite  ;  2  a  curved 
plate  to  take  the  pressuie  off  the  vertical  slits  communicating  with 
the  internal  chambers,  and  to  prevent  down-draught.  The 
external  air  impinging  on  the  diaphragm  3  is  deflected  on  to  the 
central  radial  plate  4,  creating  an  induced  current,  and  in  its 


no 


passage  drawing  the  air  from  the  vertical  chamber  5,  expeUing  it 
at  the  opposite  opening.  The  foul  air  immediately  rushes  up  the 
shaft  connecting  the  ventilator  with  the  apartment  being  ventilated 
to  supply  the  place  of  the  air  extracted,  thus  securing  a  continuous 
and  powerful  upward  current  ;  6  represents  the  partitions 
separating  the  chambers  and  preventing  external  air  being  drawn 
through  the  slits  upon  which  the  wind  is  not  directly  acting. 

The  inventor  says  further,  that  the  ventilators  are  continuous 
in  their  action,  and,  being  self-acting  in  every  part,  require  no 
attention.  That  by  effectually  extracting  the  hot  vitiated  air  as  it 
is  generated,  the  place  is  always  kept  pure  and  sweet — the  supply 
of  fresh  air  being  admitted  through  louvre  gratings  or  vertical  tubes 
in  the  lower  parts  of  the  building.    That  there  is  no  perceptible 
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Fig.  78. 
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current  in  the  place  being  ventilated,  whilst  the  atmosphere  is 
being  continually  changed.     That  they  are  entirely  free  from 

down-draught.  r    1  i 

Mr.  Hellyer,  speaking  of  cowls  generally,  says  that  he  had 
considered  plain  caps  quite  sufficient  for  fixing  on  the  tops  of 
ventilating  pipes,  to  waste  pipes,  and  soil  pipes.  He  now, 
however,  considers  that  cowls  should  be  fixed  on  all  ventilating 
pipes  for  foul  air,  not  so  much  for  assisting  the  up-draught,  as  for 
preventing  the  down-draught;  adding  that  the  tests  which  had 
been  instituted  showed  that  the  palm  of  victory  must  be  given 
to  Mr.  Buchan's,  Fig.  75,  whilst  the  results  warranted  him 
(Mr.  Hellyer)  placing  his  own.  Fig.  73,  second  in  the  list._ 

Mr.  Banner  states  that  the  principle  upon  which  his  cowl  is 
constructed,  as  shown  by  Fig.  74,  secures  a  continuous  suctional 
draught  across  the  shaft  under  all  the  varying  influences  of  wind 
and  weather.  The  Ventilation  Company  describe  their  fixed 
exhaust  ventilator.  Fig.  76,  in  the  following  terms  :— 

The  arrangement  of  the 
coned  plates,  AA,  is  such  that 
the  air  currents  acting  upon 
them  create  a  partial  vacuum 
in  the  tube  B,  which  has  the 
effect  of  sucking  out  the  air 
from  the  apartment  with  which 
it  is  connected,  as  indicated 
by  the  arrows ;  and  the  cap  C 
is  so  arranged  that,  at  whatever 
angle  the  wind  strikes  the 
ventilator,  there  is  no  pos- 
sibility of  down-blow. 

It  may  be  concluded  that 
cowls  are  not  generally  neces- 
sary, though  under  certain  con- 
ditions they  may  be  favourably 
apphed.  They  allow  of  suf- 
ficient ornamentation  to  be 
relieved  of  objection  on  the 
score  of  unsightliness,  and 
when  they  can  be  fixed  upon 
the  roofs  of  dwellings,  they 
may,  in  fact,  be  made  to  add 
to  the  general  good  effect  of 
the  structure.  Fig.  78  exem- 
plifies a  large  ornamental  cowl 
by  Messrs.  Boyle. 
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CHAPTER  VII. 

LI. — Water  in  relation  to  the  Dwelling. — A  copious 
supply  of  pure  water  is  quite  as  important  a  consideration  in  the 
sanitation  of  the  dwelling  as  the  maintenance  of  pure  air,  for  the 
evil  efifects  of  water  impurity  are  as  widespread  and  as  positive. 
This  fact  demands  at  the  hands  of  householders  the  greatest 
attention,  because,  as  the  chemist  has  shown,  it  frequently  happens 
that  the  waters  most  acceptable  to  sight  and  palate  are  injurious 

to  health.  •,   ,   i  , 

To  the  use  of  impure  water  may  be  traced  cholera,  dysentery, 
diarrhoea,  entozoa,  malarious  fevers,  and  other  zymotic  diseases, 
which  it  'would  appear  are  only,  in  a  great  measure,  to  be  pre- 
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vented  by  the  avddance  altogether  of  waters  flowing  from 
naturally  corrupt  or  polluted  sources.  It  is,  in  fact,  only  in  those 
instances  where  pure  water  has  been  rendered  impure  by  the 
contamination  due  to  storage  that  precautionary  or  remedial 
measures  can  be  taken  with  good  and  certain  effect. 

In  cases  where  there  is  a  constant  supply  of  water  from  a 
pure  and  "wholesome"  source  without  storage,  the  inmates  of 
dwellings  within  a  district  so  served,  are,  as  a  rule,  free  from  the  ills 
referred  to ;  Avhilst  in  cases  of  an  intermittent  public  supply,  or 
where  private  wells  are  used  or  rain  water  collected  for  domestic 
purposes  without  subsequent  filtration  those  evils  are  frequent. 

It  is,  indeed,  satisfactory  to  be  able  to  afi&rm  that  it  is  within 
the  power  of  all  owners  of  houses,  having  at  their  command  water 
from  a  pure  source,  but  to  collect  which  for  distribution  and  use 
storage  has  to  be  resorted  to,  to  counteract  at  a  moderate  cost 
the  evils  resulting  from  such  storage. 

LII. — Constituents  of  Normal  Water. — Water  in  its 
normal  state  consists  of  only  two  elements,  hydrogen*  and  oxygen,  in 
the  proportion  of  two  volumes  of  the  former  gas  to  one  of  the  latter, 
or  by  weight  ii'ii  per  cent,  of  hydrogen  to  88'88  per  cent,  of 
oxygen. 

In  water  the  two  gases  of  which  this  substance  is  composed 
are  chemically  combined,  and,  unlike  the  constituents  of  air, 
which  remain  unaltered,  they  lose  their  gaseous  form  and  their 
distinctive  properties,  both  physical  and  chemical,  and  become  a 
new  substance. 

LIII. — Of  Foreign  Polluting  Matters. — Water  is,  however, 
no  sooner  in  existence  than  it  loses  its  normal  condition  by  the 
absorption  of  foreign  matters  with  which  it  comes  in  contact,  and 
which  detract  from  its  purity.  This  depreciation  takes  place  in 
its  first  condition  as  the  vapour  of  the  atmosphere  ;  then  as  that 
vapour  changes  into  rain  and  falls  to  the  ground;  then  as  the 
collected  rain  passes  over  the  surface  of  the  earth  on  its  way  to 
the  rivers,  or,  if  absorbed,  as  it  percolates  through  the  soil  to  the 
subterranean  water  levels  beneath ;  then  as  it  passes  through  the 
earth  to  find  outlet  at  the  surface  in  the  beds  of  rivers  and  streams, 
or  at  impervious  outcrops  in  the  shape  of  springs  ;  and  la.stly,  as  it 
is  discharged  to  the  sea  after  it  has  assumed  the  form  of  rivers  and 
tributary  streams. 

In  its  condition  as  vapour  and  as  rain,  water  is  defiled  by 
the  gases  of  putrefying  organic  matters,  which  rise  into  the  air 
from  the  surface  of  the  earth,  while  as  dew  and  hoar-frost  it  is 


*  Hydrogen  is  a  colourless,  tastelessness,  and  inodorous  gas,  14J  times 
lighter  than  atmospheric  air.  It  is  very  inflammable,  and  burns  in  air  with  a 
pale  flame,  producing  water  by  combining  with  atmospheric  oxygen. 

I 


114  CHEMICALLY  AND  PHYSICALLY  CONSIDERED,  [wATER. 

afifected  by  the  same  causes  only  in  a  greater  degree.  As  vapour 
and  rain  too,  water  is  also  rendered  impure  by  smoke  from  burning, 
and  by  emanations  from  mineral  substances  used  in  manufacture ; 
as  collected  rain  passing  over  impervious  surfaces  towards  the 
rivers  and  their  tributaries,  water  gathers  those  organic  and 
inorganic  impurities  which  are  more  or  less  associated  with 
cultivated  and  uncultivated  lands,  and  with  sparsely  populated  as 
well  as  closely  populated  districts ;  and  when  percolating  and 
travelling  through  the  earth,  water  mixes  with  any  organic  matter 
that  may  have  already  found  its  way  into  the  ground  from  the 
surface,  while  its  chemical  qualities  are  profoundly  influenced  by 
the  character  of  the  geological  formations  through  which  it  passes, 
and  by  its  mixture  with  salts  and  dissolved  substances  existing  in 
the  earth.* 

When  the  rain  after  accumulating  in  the  bowels  of  the  earth 
has  found  outlet  in  springs,  and  has  taken  the  shape  of  rivers  and 
streams,  it  is  further  polluted  by  the  influx  of  the  excrements  of 
animals,  and  the  liquid  refuse  of  all  kinds  from  human  habitations 
in  consequence  of  those  rivers  and  streams  acting  as  natural  drains 
for  the  districts  through  which  they  flow.  Moreover,  water  when 
utilized  may  be  affected,  and  often  is  affected,  by  the  materials  of 
which  tanks,  cisterns,  and  delivering  conduits  are  composed,  and 
the  way  in  which  the  last  are  jointed. 

LIV. — Primary  Source  of  Supply.  Yearly  and 
Monthly  Rainfall. — The  quantity  of  water  placed  at  the 
disposal  of  man  may  be  stated  to  depend,  primarily  upon  the 
amount  of  rainfall,  and,  secondarily,  upon  the  quantity  thrown  off 
the  surface  after  satisfying  vegetation — which  is  available  for 
storage  above  ground — and  the  quantity  absorbed  by  porous 


*  "The  influence  of  geological  formation  upon  the  palatability  and 
wholesomeness  of  surface  water  is  often  inconsiderable,  owing  to  the  deposit  of 
peaty  matters  upon  the  surfaces  of  the  rocks  and  soils — unpolluted  surface 
waters  from  the  most  widely  different  geological  formations  differing  but  little 
in  the  proportions  of  organic  inatter  which  they  contain  ;  but  where  the  water 
percolates  or  soaks  through  great  thicknesses  of  rock,  its  quality,  when  it 
subsequently  appears  as  spring  or  deep  well  zvater,  depends  greatly  upon  the 
chemical  character  of  the  material  through  which  it  has  passed.  When  the 
formation  contains  much  soluble  saline  matter  the  water  becomes  loaded  ^\'ith 
mineral  impurities,  as  is  frequently  the  case  when  it  percolates  through  certain 
of  the  carboniferous  rocks,  the  lias  and  the  saliferous  marls.  When  the  rock 
is  much  fissured  or  permeated  by  caverns  or  passages,  like  the  mountain  lime- 
stone, for  initance,  the  effluent  water  differs  but  little  from  surface  drainage, 
and  retains  most  of  the  organic  impurities  with  which  it  was  originally 

charged.  ,  j 

' '  But  when  it  is  uniformly  porous  like  the  chalk,  oolite,  greensand,  or  new 
red  sandstone,  the  organic  matter  at  first  present  in  the  water  is  gradually 
oxidized  and  transformed  into  innocuous  mineral  compounds," 
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surfaces  after  satisfying  both  vegetation  and  evaporation — by 
which  nature's  underground  storage  is  maintained. 

The  rain  falHng  in  different  countries  and  places  varies  very 
greatly  in  quantity,  in  season,  and  in  the  circumstances  which 
would  influence  its  collection,  conservation,  and  use. 


At  Cracow  the  annual  fall  is 
„  Brussels  ,, 


„  Rome 

At  Calcutta 
„  Bombay 


At  Washington  „ 
„  Charleston  „ 


5J 


■)■> 
11 


Europe 


I  Asia 


j>  America 


135^  inches. 
31 


175^ 


41^ 
54 


For  our  present  object  it  will  suffice  if  I  limit  my  observations 
to  the  annual  depth  of  rain  falling  upon  the  surface  of  England 
and  Wales.    It  averages  32  inches. — Symons. 

In  England  the  average  monthy  rainfalls  on  the  two  sides  of 
the  country,  east  and  west,  will  be  found  to  closely  approximate 
those  given  in  the  following  tabular  statement,  taken  from  The 
Far7n  Homesteads  of  England: — 


WESTERN  SIDE  OF  ENGLAND. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Total. 

Ins. 

Ibs. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Keswick  ... 

Lancaster 

Manchester 

Exeter 

Truro 

4-87 
3*46 
2  "31 
3 '32 
4-66 

2  '63 
2-99 
2-56 
2  "35 
3*79 

4  '60 

1-75 

2  '09 

2 '34 

3  "44 

4*24 
2-i8 

2  "OI 

1-97 

2 '54 

3 '02 
2*46 
2  "90 
2  "14 
2-41 

4-12 

2-51 
2  so 
2  '26 
2 '79 

4  "94 
414 

3-69 
1-91 
2  '64 

5-85 
4"58 
3-66 

2 '59 
3  "04 

4-41 

3  75 
3-28 
2  "60 
3-68 

9  "oo 
4'i5 
3 '92 
3*69 
4-08 

8-35 
3  75 

3-  36 

4-  67 
6-II 

6-66 
3 '95 

3% 
274 
4.90 

62  "69 

39*67 
36  '11 

32-58 
44*08 

EASTERN  SIDE  OF  ENGLAND. 

York 
Boston 
Norwich  ... 
Chiswick ... 
Cobham  ... 

1  '72 

1*59 
1-97 

^•95 

2  "24 

I  '02 
I '45 

1-  66 

2-  38 

1-19 

I'52- 

I -16 

I  "43 

I  '72 

i'5o 
I '50 
1-79 
1  '40 

I  "21 

1  -41 

2  "17 
1-91 
1-85 

3'i9 

2*35 
2  •41 

^•77 
1-79 

1*44 

2*65 
277 
3  'lo 
2  '05 
2  "27 

2*93 
2-83 
2  '76 
2 '75 
2-93 

2*08 
2  "24 

2-48 
2 '37 
3 '57 

2  '09 
2  '72 
2-94 
2  92 
2-88 

17s 

2  "26 

3  "02 
2  "70 
4-41 

1*31 
1  -44 

174 
i'53 
I  "96 

22  "oo 
24  "go 
26  'og 
24  "40 
30-20 

In  the  higher  grounds  of  the  west,  the  annual  depth  ranees 
from  30  to  75  mches,  while  in  the  flatter  lands  of  the  east  it  varies 
Irom  17  to  35  mches.  The  total  quantity  of  rain  which  falls  on 
an  average  of  years  on  the  surface  of  England  and  Wales  amounts 
to  27,019,632,000,000  gallons.    This  gives  an  average  covering 

I  2 
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of  723,904  gallons  to  an  acre  of  surface.*  Of  course  these  figures 
do  not  afford  any  very  tangible  data  for  practice,  as  each  require- 
ment must  stand  on  its  own  merits,  but  they  give  evidence  of  the 
ample  scope  which  is  at  the  engineer's  command  for  providing  a 
supply  of  water  for  all  purposes. 

They  show  that  each  acre  of  surface,  even  in  the  eastern 
districts  of  England,  where  the  average  rainfall  does  not  exceed 
half  that  of  the  western  districts,  receives  as  rain  nearly  80 
times  as  much  water  as  an  average  member  of  the  population 
requires. 

At  Greenwich,  where  reliable  gauging  has  been  adopted  since 
181 5,  the  annual  average  from  that  date  has  been  25*36  inches, 
the  maximum  reaching  (1824)  36-3  inches,  and  the  minimum 
falling  to  1 6  "8  inches.  The  maximum  is  generally  estimated  by 
engineers  to  be  one-third  in  excess  of  the  average  rainfall,  and  the 
minimum  one-third  below  it. 

Mr.  George  Dines,  the  well-known  builder  of  Pimlico,  some 
few  years  ago  prepared  some  very  interesting  diagrams  and  tables 
showing  the  rainfall  in  the  metropolis  during  a  period  of  60  years, 
and  the  mean  quantity  of  rain  due  to  each  month.  The  result 
places  the  different  months  in  the  following  order,  and  T  have 
added  for  comparison  the  monthly  rainfall  of  the  eastern  and 
western  sides  of  England  : 


1813—72. 

Ramfall 
in  Metro- 
polis. 

Average  Rain- 
fall of  the  East 
and  West  Sides 
of  England. 

1813—72. 

Rainfall 
in  Metro- 
polis. 

Average  Rain- 
fall of  the  East 
and  West  Sides 
of  England. 

East. 

West. 

East. 

West. 

October  

September  ... 

July  ^  

November  ... 

August  

May   

June   

Ins. 
2-74 

2-35 
2-32 
2-28 
2  '26 
2  "07 

2  'OI 

Ins. 
2  '71 
2-55 
2 '57 
2-83 
2-84 
2  "ii 
i'95 

Ins. 
4  "97 
3*54 
3 '46 
5-25 
3*95 
2  "59 
2-84 

December  ... 
January 

April   

March  

February  ... 

Ins. 

I '93 
1-91 
1-66 
1-52 
I' 50 

Ins. 
I  '60 
I  -89 
I  -48 
I  '40 
1-59 

Ins. 
4-42 
3*72 

2 '59 
2-84 
2-86 

24"SS 

25 '52 

43  '03 

From  these  figures  it  will  be  seen  that  the  wettest  months  of 
the  year  in  London  are  September,  October,  July,  and  November, 
and  that  there  is  only  some  slight  difference  in  this  particular 
between  London  and  the  rest  of  the  country.  With  the  exception 
of  July  these  months  occur  when  summer  is  on  the  close,  when 
vegetation  no  longer  requires  the  same  support  of  moisture  as 


*  An  inch  of  rain  falling  on  an  acre  gives  22,622  gallons  of  water  ;  and  if 
12  inches  only  be  collected,  a  supply  will-  be  gained  from  a  single  acre 
sufficient  to  satisfy  30  persons  all  the  year  round  with  25  gallons  of  water  each 
daily. 


WATER.]      CHEMICALLY  AND  PHYSICALLY  CONSIDERED.  II 7 

previously,  and  when  evaporation  necessarily  becomes  less  active 
with  increased  moisture  and  reduced  temperature.  It  is  when 
such  conditions  prevail  that  the  larger  proportion  of  the  rainfall  is 
rendered  available  for  use  by  storage  above  ground  if  collected 
from  saturated  and  impervious  surfaces,  or  serves  to  replenish  the 
subterranean  supply  which  nature  stores  under  our  feet  in  the 
water-bearing  strata. 

It  will  be  found  that,  in  accordance  with  the  amount  of  the 
winter's  rainfall,  especially  that  of  the  months  of  September, 
October,  and  November,  so  will  the  following  summer's  subter- 
ranean supply  be  decreased  or  increased  in  some  measure  by  the 
amount  of  the  rainfall  of  the  antecedent  winter.  If,  for  instance, 
two  dry  winters  succeed  each  other  the  drought  of  the  following 
summer  will  be  proportionately  increased.  The  following  tabular 
statement  shows  the  relative  quantities  of  rain  that  fell  in  winter 
and  summer  during  six  years  of  the  period  just  instanced. 


1867-8. 

1868-9. 

1869-70. 

1870-1. 

1871-2. 

187 

2-3- 

Winter— Oct.  to 
March  inclusive. 

Summer — April  to 
^     Sept.  inclusive. 

Winter— Oct.  to 
March  inclusive. 

Summer — April  to 
Sept.  inclusive. 

Winter— Oct.  to 
March  inclusive. 

Summer — ^April  to 
Sept.  inclusive. 

Winter— Oct.  to 
March  inclusive. 

Summer— April  to 
Sept.  inclusive. 

Winter — Oct.  to 
March  inclusive. 

Summer — April  to 
Sept.  inclusive. 

Winter— Oct.  to 
March  inclusive. 

Summer — April  to 
Sept.  inclusive. 

East   

South   

West   

North   

Ins. 
io"8o 

i3'39 
18-50 

lO'lO 

Ins. 

8-  33 

12-  92 

13-  61 

9-  85 

Ins. 

16-  17 

17-  69 
26-58 
16-09 

Ins. 
12-76 
12-47 
16-47 
10-77 

Ins. 
12-81 

i3"47 
17-09 
12-72 

Ins. 
8-01 

5'5i 
To-47 
7-46 

Ins. 
i3"92 
i5"76 
17-42 
16-42 

Ins. 
14-41 
19-30 
19-40 
18-64 

Ins. 

10-45 
20-94 

19-31 
14-60 

Ins. 
i6-6i 
16-23 
24-32 
21-43 

Ins. 

15-79 
27-48 
22-04 
19-57 

Ins. 

IO-68 

10-  46 

16-95 

11-  92 

Mean  of  wintr. 
Mean  of  sumr. 

13-20 

it'iS 

I9'i3 

I3'I2 

14-02 

7-86 

15-88 

17-94 

16-32 

19-65 

21'22 

12-50 

Year   

24 

•38 

32 

•25 

21 

•88 

33-82 

35  -97 

33-72 

Average  of  the  six  years,  30  '34  inches. 


LV. — Infiltration  of  Rain  by  Absorbent  Soils  in  Summer 
AND  Winter  for  the  Maintenance  of  Rivers,  Springs,  and 
Subterranean  Supplies. — The  proportion  of  the  rainfall  absorbed 
by  and  penetrating  a  porous  surface  to  maintain  the  river  systems 
varies  considerably.  On  an  average  of  years  we  find  that  from 
one-fourth  to  one-third  of  the  rainfall,  according  to  the  nature  of 
the  soil  and  state  of  husbandry,  thus  descends  to  the  subterranean 
levels.  The  quantity  which  infiltrated  the  chalk  district  in  the 
neighbourhood  of  King's  Langley  to  replenish  the  springs  and 
rivers  of  that  neighbourhood,  was  ascertained  and  recorded  by 
the  late  Mr.  Dickinson,  the  well-known  paper  maker  of  King's 
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Langley  and  Hemel  Hempstead,  up  to  the  time  of  his  death  by 
means  of  a  gauge  devised  by  Dalton,  of  Manchester.  The  records 
have  been  contmued  from  that  date  by  his  successor,  Mr.  Evans, 
a  late  President  of  the  Geological  Society.  The  gauge  is  fixed  in 
the  ground  three  feet  below  the  surface,  and  not  only  is  the 
quantity  of  rain  that  finds  its  way  down  to  it  indicated,  but,  by 
deducting  that  quantity  from  that  which  falls  on  the  surface,  and 
which  IS  carefully  gauged  and  recorded,  the  observer  may  ascertain 
the  amount  of  water  evaporated. 

The  following  table  gives  the  rainfall  and  percolation  (through 
Ualtons  gauge,  filled  with  surface  soil)  at  Nash  Mills,  Hertford- 
shire, from  the  year  1835  to  i860  :— 


Year. 


1835-  6  ... 

1836-  7  ... 

1837-  8  ... 

1838-  9  ... 

1839-  40... 

1840-  1  ... 

1841-  2  ... 

1842-  3  ... 
1S43-4  - 

1844-  5  ... 

1845-  6  ... 

1846-  7  .. 

1847-  8  ... 

1848-  9  ... 

1849-  50... 

1850-  1  ... 


Winter. 


Ins. 

16-39 
i6'7i 
9-81 

12-  58 

14-  71 
10-32 
16-56 
13 '46 
i5'4i 

13-  11 

13-  93 
12-93 

15-  84 
13 '49 

8-58 

14-  71 


Ins. 

14-27 

13-81 
5'45 
8-59 

i2"59 
3-10 

17-98 

9  "34 

8-  86 

7-  10 

9-  01 

5-  84 

8-  94 

6-  22 
1-44 
8-49 


Summer. 


Ins. 
12-20 
9-80 

10-  8i 
17-41 

9-68 
16-95 

12-  15 
14-04 

8-07 

"■57 

11-  50 
11-31 

13-  00 

i3'9i 
11-82 

9"25 


Ins. 
2-10 
■10 

'lO 

2-6o 


■30 
■99 


•28 
-70 

•04 


Year. 


1851-  2. . 

1852-  3... 

1853-  4... 

1854-  5... 

1855-  6... 

1856-  7... 

1857-  8... 

1858-  9... 

1859-  60 


Average  25  years 


Difference — eva- 
porated or  lost 


Winter. 


Ins. 

io'75 
20-27 
9-66 
9'32 
14-48 
11-96 
11-81 
9-64 
16-49 


Oh 


13*317 


Ins. 
3-66 
10-74 

4'22 

2 '45 

6-82 
372 
5.64 
•09 
9-27 


7-506 


5'8ii 


.3 

01 

as 


Ins. 

19-  97 
16-79 

9  47 
12-66 
14-86 
14-11 
12-27 
18-31 

20-  40 


13-292 


n 

u 
u 

V 


Ins. 

1-  50 
24 

■19 

2-  79 
I'll 

•80 

3-  16 


■721 


12-571 


Total  average  rainfall  ... 
Percolation   , 

Difference — evaporated  or  lost 


26  '609  inches. 
8  -227  „ 

18  -382 


LVI. — Quantity  or  Proportion  of  Rainfall  evaporated 
FROM  Absorbent  or  Non-Absorbent  Surfaces  and  so  lost 
FOR  Supply. — The  difference  between  the  amount  of  rainfall  and 
percolation  given  in  the  foregoing  table  represents,  as  I  have 
stated,  the  amount  of  rain  lost  each  year  by  evaporation,  including 
the  small  proportion  which,  with  undisturbed  soils,  would  overflow 
even  a  porous  surface  at  times  of  extreme  downfalls  of  rain,  when 
the  rapidity  of  descent  will  prevent  absorption.  For  practical 
purposes  we  may  assume  that  from  17  to  22  inches  are  lost  by 
evaporation  from  the  porous  surfaces  of  this  country. 

The  proportion  of  rainfall  evaporated  and  "  lost  "  from  non- 
l)orous  surfaces  is  quite  another  matter,  and  I  am  not  in  pos- 
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session  of  any  data  by  which  to  give  the  amount.    Engineers  are 
frcustomed  to  adopt  arbitrary  rules  of  their  own-modified  by 
tl?e  c  rcumstan^^     physical  and  meteorological,  of  each  case-when 
thev  S  to  arr  ve  at  the  net  quantity  of  water  which  can  be 
Sctd  from  various  g^enng  ground,  and  to^^^ 
reason  for  the  practice.    Mr.  Bateman,  C.E.,  states  the  loss  oy 
evaporation  to  vary  from  9  to  1 6  inches,     the  average  being  12 
Ses.''     The  lat'e  Mr.  Hemans,         /onsider^d    hat  the 
mean  will  amount  to  12  or  14  mches.      ^r.  Duncan,^^^^^^^^ 
n  ivei-DOol)  found  by  actual  measurement  that  the  loss  variea 
teriS?le:'though   the  difference  of  rainfall  was  considerable 
S7conidered  ?i  or  12  inches  was  the  "constant  '  loss  (at 
Sve  pooir   Mr.  Hawksley,  C.E.,  has  stated  that   '^t  amounts 
rarely  to  so  little  as  1 1  and  12  inches,  and  very  commonly  upon  h% 
around  to  13,  14,  and  15  inches."    "Evaporation,"  says  Mr.  . 
Hawksley,  "  is  more  nearly  15  inches  than  any  other  quantity. 

Lvn— Ou'^NTiTY  OR  Proportion  of  Rainfall  thrown 
OFF  Pervious  and  Impervious  Surfaces  and  available,  if 
COLLECTED,  FOR  STORAGE.-The  quantity  of  water  m  excess  o 
that  which  is  absorbed  and  evaporated  from  pervious  (o^  porous) 
surfaces,  and  impervious  (or  non-porous)  surfaces,  and  which  runs 
off  the  surface  into  our  rivers,  and  by  our  rivers  to  tne  sea,  and 
is  therefore  available  for  storage  on  the  surface,  necessarily  varies 
as  much  as  any  other  condition  affecting  the  water  question 

Taking  a  general  view  of  the  matter,  it  may  be  stated  that  on 
the  northern  and  western  side  of  the  country,  including  Wales, 
the  amount  of  surface  water  at  the  disposal  of  man  for  storage, 
though  it  varies  in  different  parts  in  a  remarkable  degree,  cannot 
be  less  on  an  average  than  20  inches,  if  we  include  m  the  estimate 
the  highest  and  mountainous   surface   found   m   the  wettest 

districts.  .    .  , 

In  the  Midland,  Southern,  and  Eastern  Districts,  the  mean 
depth  of  water  run  off  in  the  shape  of  floods  and  ireshets,  and  in 
like  manner  available  for  storage,  has  been  represented  to  be  6 
inches,  though,  if  the  outflow  of  the  Thames  may  be  taken  as  a 
criterion,  a  less  quantity  would  perhaps  be  more  correct. 

Some  interesting  information  bearing  on  this  point  was  given 
by  Mr.  J.  Thornhill  Harrison,  before  the  Water  Supply  Com- 
mission in  1867,  from  which  it  appeared  that  the  average  annual 
dry  weather  outflow  of  the  Thames  was  6-86  inches.  The  period 
of  observation  extended  over  11  years,  from  the  ist  April,  1855, 
to  the  3Tst  March,  1866,  during  which  time  the  mean  annual  fall 
of  rain  in  the  Thames  basin  was  2774  inches,  while  the  mean 
annual  discharge  of  water  by  the  river,  measured  at  Kingston, 
was  9-25  inches,  or  2*39  inches  more  than  the  average  dry  weather 
outflow  just  noted. 
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The  minimum  annual  discharge  of  the  Thames  during  the  ii 
years  was  that  of  the  year  ending  the  31st  March,  1859,  when  it 
was  reduced  to  5-49  mches,  or  1-37  inches  below  the  average  dry 
weather  outflow.  The  rainfall  of  the  year  1857  had  been  2276 
inches,  and  that  of  1858  24-60  inches,  with  a  remarkably  dry 
winter  intervening. 

LVIII.— Waters  Classified  according  to  Source.— To 
exhibit  the  quality  of  water  to  be  obtained  from  different  sources 
there  is  no  better  classification  than  that  by  which  the  passage 
of  water  has  already  been  traced  from  the  condensation  of 
atmospheric  vapour  into  rain  to  its  outflow  from  the  earth. 

In  the  sixth  report  of  the  Rivers  Pollution  Commissioners, 
which  is  a  comprehensive  exposition  of  the  chemical  view  of  the 
water  question,  the  different  waters  obtainable  in  this  country  are 
treated  in  the  following  order:— (i)  Rain  water;  (2)  Upland 
surface  waters  from  uncultivated,  or  but  slightly  cultivated,  surfaces 
not  manured ;  (3)  Surface  waters  from  cultivated  lands ;  (4)  Shal- 
low well  waters  ;  (5)  Deep  well  waters  ;  and  (6)  Spring  waters. 

LIX. — Waters  Classified  according  to  the  Results  of 
Chemical  Analysis.— In  the  "conclusions"  arived  at  by  the 
Rivers  Pollution  Commissioners,  and  set  forth  in  the  report 
referred  to,  the  average  composition  of  "unpolluted  waters"  is 
given  in  the  following  form  : — 

Results  of  Analysis  expressed  in  parts  per  100,000. 


Dissolved  Matters. 

1 

.S 
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1 
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Without  professing  ty  W^^^^^^^^ 

S  ^rra^^H^r^tavi^  SuTiraUid,  the  speCa- 

""^t  Aimici'txamination  so  carefully  given  to  the  subject 
led  *e  ConTmiioners  to  adopt  the  following  division  of  waters 
in  the  order  of  quality 

"  Wholesome  "  waters  were  declared  to  consist  ot 

1.  Spring  water. 

2.  Deep  well  water. 

3.  Upland  surface  water. 
"Suspicious"  waters  to  be 

4.  Stored  rain  water.         _       ,  ,     •■  .1  ^ 

5.  Surface  water  from  cultivated  land  ;  and  the 
"  Dangerous  "  waters  to  be 

6.  River  water  to  which  sewage  gains  access. 

7.  Shallow  well  water." 

Numbers  i  and  2  were  stated  to  be  "  very  palatable 3  and 
.  "moderately  palatable;"  and  5,  6,  and  7  "palatable.  Fre- 
ference  is  given  to  spring  and  deep  well  waters  for  purely 
domestic  purposes  over  upland  surface  waters. 

The  conclusions  come  to  by  the  Rivers  Pollution  Com- 
missioners may  be  summed  up  in  the  following  terms  under  their 
respective  heads. 

LX  —Wholesome  Waters.— Of  all  the  waters  obtainable  in 
this  country  those  that  receive  the  preference  of  the  Commissioners 
are  spring  and  deep  well  waters.  Such  waters,  they  say,  are  oj 
inestimable  value  to  communities,  and  their  conservation  and 
utilization  are  worthy  of  the  greatest  efforts  of  those  who  have 
the  pubHc  health  under  their  charge.  They  say,  also  that  water 
collected  from  the  surface  of  uncultivated  lands,  when  filtered 
through  sand,  constitutes  upland  surface  water  of  good  quality 
for  domestic  use,  and  of  still  better  quality  for  manufacturing 
purposes.  It  is  nearly  always  wholesome,  but  sometimes  suflers 
in  palatability  from  containing  an  excessive  quantity  of  peaty 
matter  in  solution. 

Spring  Water.— Wherever  springs  bursting  naturally  from  the 
out-crops  of  impervious  strata  in  high  grounds,  or  rising  by  pressure 
in  valleys— which  the  Commissioners  consider  equal  or  superior 
in  quality  to  the  waters  of  deep  wells— are  available,  the  engineer 
should  invaiiably  turn  them  to  account.  Unluckily,  however, 
springs  of  a  superior  potable  quality,  and  of  available  quantity, 
exist  only  in  exceptional  places.    They  are  extremely  variable  m 
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supply  for  small  villages,  or  for  isolated  dwellings 

upland  Surface  Water.~ln  mountainous  and  hilly  districts 
where  sufficient  areas  of  impervious  gathering  grounds  can  be 
found,  the  best  means  of  supply,  because  it  is  Sf  t  characterover 
which  the  engineer  has  most  command,  is  that  whichThe  River 
PoUution  Commissioners  have  placed  third  and  last  on  the  list  of 
'wholesome  waters."    I  refer  to  the  storage  of  rain  water  thrown 

.5  '^'^^""^  before  it  becomes  con 

taminated  by  foreign  matters.  ccumcb  con 

rainSl'^nf  ^""^  "°^th-westem  districts  of  England  the 

tliL/  f  f  P'^^^^t  ^°lle^ted  and  stored 

™H      °  """"l  manufacturing  towns,  and  experience  has 

proved  the  superiority  of  the  supply.     The  sanitary  engineer  will 
find  many  examples  in  this  country  which  he  would  do  well  to 
.1    A  the  supply  of  Glasgow  and  Greenock, 

m  Scotland,  and  those  of  Manchester,  Sheffield,  Barnsley,  and 
many  other  places  in  England,  are  admirable  specimens  of  the 
kind  of  source  to  which  this  section  refers.  Profiting  by  this 
experience  it  has  been  proposed  to  convey  waters  that  may  yet 
be  collected  and  stored  in  these  districts  to  the  metropolis  and 
other  populous  places,  and  this  mode  of  water  supply  might  also 
be  turned  to  advantage  in  the  case  of  isolated  dwellings,  but  aS 
the  droughts  of  recent  years  have  proved  that  scarcity  may  be  felt 
even  in  the  midst  of  abundant  average  rainfalls,  this  proposal  has 
not  gained  favour,  particularly  since  it  has  been  advanced,  with 
much  force,  that  until  the  resources  of  each  river  basin  have  been 
exhausted,  it  would  be  opposed  to  national  economy  to  appropriate 
the  supply  naturally  belonging  to  other  districts.  It  is  held  that 
the  adoption  of  this  proposal  would  prevent  the  future  growth  of 
those  industrial  communities  which  have  located  themselves  in 
particular  parts  of  the  country  in  consequence  of  this  very  super- 
abundance of  water. 
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The  conflict  of  opinion  entertained  on  this  question  must 
1,  ;  imnortant  influence  on  the  work  of  the  engmeer,  and  the 
t^ds  of  X  Ro^al  Com^  on  Water  Supply,  that  "  no  town 

or  ^st?Lt  Thould  be  allowed  to  appropriate  a  source  of  supply 
which  nlrally  and  geographically  belongs  to  a  town  or  district 
nearer  to  such  source,"  will  meet  with  general  approval. 

LXI  -Suspicious  WATERS.-Of  these  the  Commissioners  say 
that  when  rain  from  specially  cleansed  surfaces      co  ^cte^^ 
distance  from  towns,  and  kept  m  dean  receptacle  ^ontams 
the  smallest  proportion  of  total  solid  impurity,  but  the  organic 
contamination  even  of  such  specially  collected  water  so^ewha 
exceeds  that  of  water  from  springs  and  deep  wells      Ram  water 
collected  from  the  roofs  of  houses  and  stored  ^  undergrou^^^^^ 
tanks  they  state  to  be  much  more  impure,  while   the  water 
coUected  from  the  surface  of  cultivated  lands  and  from  the 
under-drains  of  cultivated  lands,  is  always  more  or  less  pol- 
luted with  the  organic  matter  of  manure,  even  after  subsidence 
in  lakes  or  reservoirs.    Such  polluted  surface  or  dramage  water 
is,  they  declare,  not  of  good  quality  for  domestic  purposes,  but  i 
may  be  used  with  less  risk  to  health  than  polluted  shallow  well 
water,  if  human  excrementitious  matters  do  not  form  part  oi  the 
manure  applied  to  the  land. 

Stored  Rain  Wafer.— K,  for  the  reasons  already  stated  we 
cannot  obtain  deep  well  water,  or  spring  water,  or  water  from 
upland  (uncultivated)  surfaces  for  those  towns  and  villages  and 
dwellings  which  are  scattered  over  the  rural  portion  of  the  country, 
we  are  necessarily  obliged  to  have  recourse  to  those  waters  which 
are  pronounced  by  the  Rivers  Pollution  Commissioners  to  be 
"suspicious,"  i.e.,  water  collected  from  roofs  and  impermeable 
(artificially  made)  surfaces,  water  to  be  obtained  from  cultivated 
lands,  and  the  water  from  under-drainage.    These  waters  they 
declare  to  be  always  more  or  less  polluted  with  organic  matter ; 
but  in  the  face  of  that  judgment  I  am  disposed  to  beHeve  that 
the  engineer  must  frequently  look  to  such  waters,  when  subjected 
to  domestic  filtration,  as  the  means  of  supply  wherever  sewage 
contamination  prevents  the  use  of  rivers  or  shallow  wells,  for  there 
are  localities  in  all  countries  where,  in  the  absence  of  river  and 
pure  well  water,  rain  water  from  roofs  or  prepared  impermeable 
surfaces  constitutes  the   only  source   of  supply  for  separate 
dwellings.    In  providing  potable  water  in  such  cases,  it  is  the 
duty  of  the  engineer  to  do  his  best  to  remove  the  objections  of 
the  chemist,  and  this  he  may  do  by  the  means  to  be  taken — first, 
in  collecting,  next  in  storing,  and  lastly  in  filtering  the  water 
which  he  has  collected  and  stored. 

In  fact,  I  hold  the  opinion  that  there  exists  no  more  certain 
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source  of  a  pure  and  sufficient  supply  than  that  of  properly  col 
ec  u-ed'bv  r^'"'^  ^''^f        ''''''  -hich  is  Jith'cTre  t'o  be" 

hZt  ^        ?        ^       ^^^^  ^■or'^ed  of  slates  and  the 

harder  description  of  tiles,  if  pains  are  taken  to  prevent  the  growth 

on^lTrlV)'  rf-^?""  f  ^^^^^^"^  leave's,  anS  tt  depSt 

?o  filterX     ;  '  '""^  l''°P^'  "^^^"^      t^ken  afterwards 

to  hlter  the  water  within  the  dwellings  itself. 

of  iffT  p^^^^'-^^^^*^^.?^— In  some  districts  wide  areas 
enrh  ^  been  under-drained ;  and  as  winters  succeed 

each  other,  a  supply  of  water,  varying  from  30,000  to  70,000 
gallons  per  acre,  is  annually  discharged.  Of  this  water  the  Rivers 
l^ollution  Commissioners  go  so  far  as  to  say,  after  the  qualified 
condemnation  I  have  quoted,  that  "  the  supply  of  such  wlter  can 
be  very  easily  and  safely  accomplished  wherever  the  subsoil 
drainage  of  pasture  and  meadow  land  is  capable  of  collection  in 
storage  reservoirs  of  the  moderate  capacity  sufficient  for  the  needs 
of  a  mansion  hamlet,  or  small  village."  "The  drainage  from 
manured  arable  land  is,  as  we  have  stated,  by  no  ineans  a 
desirable  source  of  potable  water,  and  must  be  unreservedly 
condemned  if  human  excrements  are  used  as  manure.  But  with 
that  exception  the  drainage  water  of  even  arable  land  is  prefer- 
able to  that  from  polluted  shallow  wells  which  are  at  present 
the  usual  source  of  the  water  supply  in  country  places." 

By  the  water  of  under-drainage  (as  I  use  the  term)  is  meant 
the  water  extracted  from  the  subsoil  by  under-drains  laid  in  it  at 
depths  varying  from  three  to  six  feet  or  more.  This  water  forms 
a  new  source  of  available  supply,  because  the  rain  which  fell  upon 
retentive  or  saturated  soils,  before  they  were  under-drained,  was 
either  absorbed  and  held  by  them  to  be  evaporated  and  lost  as 
vapour  in  the  air,  or  it  was  thrown  off  the  surface  and  lost  as 
water  in  times  of  flood  or  excess. 

The  same  lands  when  drained  absorb  the  rain,  instead  of 
allowing  it  to  be  evaporated  or  thrown  off  the  surface.  It 
infiltrates  to  the  level  of  the  under-drains,  and  passes  out  of  the 
subsoil  gradually  by  the  drains  to  the  outfalls,  leaving  behind  in 
the  soil  only  just  enough  water  to  satisfy  its  naturally  retentive 
properties.  Comparing  this  water,  which  has  had  the  benefit  of 
filtering  through  four  feet  or  so  of  earth,  with  that  which  is  now 
generally  used  in  rural  districts,  and  which  is  often  obtained  off 
roads  and  land  surfaces  when  river  and  well  waters  fail,  and  are 
known  to  be  decidedly  deleterious,  it  is  impossible  to  deny 
that  the  substitution  of  one  for  the  other  would  be  a  very  great 
advantage. 

In  many  cases  the  water  discharged  from  the  under-drains 
of  land  may  be  collected  and  "refiltered"  through  natural  soil 
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without  any  great  increase  of  expense  and  with  every  probability 
of  compktefy  oxidising  and  rendering  harmless  any  organic 
matter  that  may  remain  m  it. 

Wafers  collected  from  Cultivated  Surf  aces. last  ex- 
pedient (filtration  through  natural  soil)  may  also  be  applied 
beneficially  to  waters  collected  from  the  surface  of  cultivated  lands 
where  human  excrements  are  not  used  as  manure  When  inves- 
Tigated  by  the  engineer  it  will  often  be  found  that  the  water  of 
streams  running  through  private  estates,  and  made  up  of  surface 
waters  from  cuftivated  lands,  may  be  diverted  out  of  their  courses 
on  to  the  surface  of  small  areas  of  land  near  at  hand  which,  if 
purposely  prepared  by  proper  under-drainage,  will  absorb  and 
discharge  such  water  after  freeing  it  from  those  impurities  which 
it  gathers  as  it  passes  over  the  contributing  surfaces. 

LXII  — DangerousWaters.— In  this  class  the  Commissioners 
prominently  place  rivers  and  streams  to  which  sewage  gams  access. 
They  say  :  (i)  that  when  the  sewage  of  towns  or  other  polluting 
organic  matter  is  discharged  into  running  water  it  is  not  possible 
to  render  that  water  fit  for  drinking  ;  (2)  that  the  admixture  of  a 
small  quantity  of  the  specific  poisons  capable  of  producing  cholera 
and  typhoid  fever  with  a  large  volume  of  drinking  water  is 
sufficient  for  the  propagation  of  those  diseases ;  (3)  that  "  there  is 
no  river  in  the  United  Kingdom  long  enough  to  secure  the  oxida- 
tion and  destruction  of  any  sewage  which  may  be  discharged  into 
it  even  at  its  source;"  (4)  that  artificial  filtration  constitutes  no 
eff"ective  safeguard  against  the  propagation  of  those  epidemics  by 
polluted  water;  and  (5)  with  respect  to  "  shallow_ well  water," 
they  state  that  whenever  the  wells  are  situated— as  is  usually  the 
case— near  privies,  drains,  and  cesspools,  it  is  more  dangerous  than 
river  water. 

River  Water. — The  Commissioners  therefore  recommend  the 
abandonment  of  rivers  generally  as  a  source  of  water  supply, 
wherever  the  liquid  refuse  of  human  habitation  is  admitted  into 
them,  and  they  unhesitatingly  state  that  both  the  River  Thames 
and  the  River  Lee  should  be  abandoned  as  a  source  of  water 
supply  for  domestic  use.    In  speaking  of  the  Thames,  they  say, 
that  "there  is  no  hope  of  this  disgusting  state  of  the  river  being 
so  far  remedied  as  to  prevent  the  admixture  of  animal  and  other 
offensive  matters  with  the  filtered  Thames  water  as  delivered  in  the 
metropolis."     They  therefore  recommend   that  "the  Thames 
should,  as  early  as  possible,  be  abandoned  as  a  source  of  water 
for  domestic  use."    In  speaking  of  the  Lee,  they  say,  "  the  water 
of  the  Lee  is  slowly,  though  irregularly,  deteriorating  from  year  to 
year,  and  there  is  no  hope  of  purifying  it  to  such  an  extent  as  to 
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render  it  at  all  times  safe  for  domestic  use."    Consequentlv  thev 

S/ia//ow  Well  Water.- to  the  waters  of  shallow  wells  the 
Cmiimissioners,  having  examined  many  samples  from  wells  in 
dififerent  geological  formations,  declare  them  to  be,  with  very  few 
exceptions,  "  entirely  unfit  for  human  consumption."  In  speak- 
ing, however,  of  those  in  the  new  red  sandstone,  they  say  that 
owing  to  the  highly  oxidizing  power  of  the  soil  of  this  formation, 
the  proportion  of  organic  matter  is  generally  more  moderate  than 
that  met  with  in  unpolluted  surface  waters.  It  is  therefore 
needless  to  refer  any  further  to  this  source  of  supply. 

LXIII.— Quantity  required  for  Consumption  and  Use — 
The  quantity  of  liquid  which  is  drunk  by  human  beings  neces- 
sarily varies  with  the  age  and  occupation  of  the  consumer  The 
average  quantity  drunk  by  both  sexes  of  all  ages  and  of  different 
occupations  is  really  very  small,  when  compared  with  the  quantity 
we  are  accustomed  to  consider  is  required  by  the  population  of 
this  country.  It  does  not  reach  three  pints  per  head  a  day,  and  this 
covers  every  description  of  liquid  consumed.    It  savours  of  the 
ridiculous  to  speak  of  water-famine  when  the  total  quantity  of 
liquid  (of  every  description)  drunk  by  each  person  does  not,  in 
fact,  exceed  in  amount  the  quantity  of  water  that  would  fall  as 
ram  in  twelve  months  upon  a  good-sized  umbrella  if  exposed  for 
the  purpose  in  either  of  the  counties  of  Devon  or  Cornwall. 
From  tlie  J^eport  on  the  Army  and  Navy  Diet  Scales  I  find 
that'  the  estimated  quantity  of  Hquid  of  all  kinds  drunk  in  the 
two  services  averages  187^  gallons  per  head  per  annum,  or  about 
two  quarts  per  day.    Though  this  quantity  is  drunk  by  adults  of 
the  male  sex  it  is  some  criterion  of  the  quantity  drunk  by  men, 
women,  and  children,  and  it  will  not  be  wrong  to  assume  that  two- 
thirds,  or  125  gallons  per  head,  is  as  much  as  is  actually  consumed 
by  a  mixed  population  in  a  year.    Dr.  Parkes  says        zxi  adult 
requires  daily  from  70  to  100  ounces  (3^  to  5  pints)  for  nutrition, 
but  about  20  to  30  ounces  of  this  quantity  are  sometimes  in  the 
solid  food.* 

The  water  we  drink,  however,  is,  as  we  all  know,  not  the  only 
water  that  affects  human  health.  All  water  mixed  with  solid  food 
and  used  for  cooking,  and,  I  would  add,  the  water  used  for 
personal  ablution,  and  for  the  washing  of  the  clothes  we  wear,  and 
the  utensils  used  in  cooking,  have  a  material  though  not  so  direct 


*  The  living  animal  is  made  up  for  the  most  part  of  water.  A  "model " 
man  of  154  lbs.  contains  1 16  lbs.  of  water  and  only  38  lbs.  of  dry  matter. — 
Johnston. 
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an  influence  on  our  sanitary  condition.  The  quantity  used  in 
these  different  ways,  when  added  to  that  which  is  drunk  in  one 
shape  or  another  by  the  various  descriptions  of  persons  and 
communities  of  which  all  populations  consist,  does  not  together 
reach  eight  gallons  per  head,  and  in  rural  districts  will  not  amount 

to  half  that  quantity. 

Eight  gallons  may  be  safely  taken  as  representing  the  extreme 
quantity  of  water  required,  of  which  the  quality  must  be  of  the 
purest. 

The  additional  supply  required  for  every  household  purpose, 
if  the  rules  of  cleanliness  are  duly  observed,— including  the  water 
used  in  closets,  and  in  washing  floors,  &c.,  as  well  as  that  used 
in  stables,  in  the  washing  of  carriages,  and  for  other  outside 
purposes,  increases  the  8  gallons  to  15  gallons  per  head.  AH 
beyond  this  quantity  taken  for  private  use  is  mere  waste,  which 
would  cease  to  exist  if,  in  addition  to  a  fixed  charge  for  that 
quantity,  every  consumer  paid  for  what  he  had  besides. 

It  will  have  been  understood  that  this  quantity  of  1 5  gallons 
per  head  is  exclusive  of  the  water  used  in  trade,  and  of  that 
devoted  to  public  purposes,  which,  taking  the  mean  quantity  used 
in  ordinary  towns — I  do  not  refer  to  towns  in  which  special  trades 
prevail — will  be  found  to  amount  to  10  gallons  per  head,  thus 
raising  the  total  consumption  to  25  gallons  per  head.  I  have  found 
on  investigating  the  quantity  of  water  used  in  different  trades  that 
as  much  as  two  millions  of  gaflons  per  diem  have  been  used  in 
one  busines?  alone.  It  is  difficult  to  strike  an  average,  when  such 
extremes  as  this  are  included,  for  such  a  quantity  would,  in  truth, 
serve  a  town  with  a  population  of  80,000,  consuming  25  gallons 
per  head. 

Disregarding  such  extraordinary  uses,  I  believe  that  we  may 
take  25  gallons  per  head  per  diem  as  an  ample  supply  for  the 
generality  of  towns,  while  t  5-  gallons  will  suffice  for  rural  villages  ; 
the  supply  of  more  than  these  quantities  of  water  only  results  in 
waste. 

LXIV. — Hard  and  Soft  Water. — It  is  always  important 
that  the  inhabitants  of  dwellings  should  be  acquainted  with  the 
hardness  or  softness  of  the  water  supplied  to  them  for  their  use. 
In  ordinary  acceptance  the  terms  "  hard  "  and  "  soft  "  refer  to  the 
comparative  soap-destroying  power  of  water,  which  depends  upon 
the  saline  matters  contained  in  it — the  principal  being  chalk, 
gypsum,  and  common  ^alt.  When  these  substances  are  present 
in  full  quantities  the  water  is  rendered  very  "  hard."  There  are 
two  kinds  of  hardness,  temporary  and  permanent  hardness, 
requiring  consideration,  which  are  thus  described  by  Dr.  Meymott 
Tidy  in  his  work  Handbook  of  Modern  Chemish-y — "  {a) 
Temporary  hardness  is  hardness  due  to  calcic  or  jnagnesic  carbonates. 
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These  salts  are  almost  insoluble  in  pure  water,  but  are  freely 
soluble  in  water  containing  carbonic  acid.  On  boiling  the 
carbonic  acid  is  expelled,  and  the  carbonates  are  precipitated, 
hence  temporary  hardness  is  that  hardness  which  may  be  got  rid 
of  by  boiling  the  water,  {b)  Permamiii  hardness,  i.e.,  hardness  due 
to  calcic  and  magnesic  sulphates,  ^c.  This  is  not  got  rid  of  by 
boiling.  By  the  term  "total"  or  "initial  hardness  "is  implied 
both  the  temporary  and  permanent  hardness  of  a  water. 

_  When  expressing  the  hardness  of  water  in  degrees  per  gallon, 
it  is  always  understood  that  each  degree  represents  one  grain  of 
bicarbonate  or  sulphate  of  lime  in  the  gallon. 

The  purposes  for  which  water  is  used  being  so  widely  different 
and  numerous,  it  is  a  difficult  thing  to  speak  decidedly  as  to  the 
point  at  which  water  may  be  said  to  become  hard.  If  water  be 
solely  reserved  for  drinking  purposes,  it  may  be  hard  without  any 
evil  consequences  resulting  from  its  use,  and  even  be  called  soft, 
while  if  the  same  water  be  used  for  washing  purposes,  it  would  be 
termed  very  hard,  and  a  great  waste  of  soap,  labour,  and  time 
would  be  caused.  For  cooking  purposes  a  hard  water  is  most 
disadvantageous,  vegetables  lose  their  flavour,  and  the  strength  of 
tea  and  soups  is  scarcely  half  extracted,  while  for  personal 
ablution  we  all  know  from  experience  that  soft  water  is  much  more 
pleasant  than  hard.  It  should  also  be  stated  that  in  chalk 
districts  there  is  generally  a  considerable  deposit  of  fur  in  the 
inside  of  boilers,  pipes,  &c.,  which  may  in  time  obstruct  the 
passage  of  heal,  and  be  the  cause  of  accidents. 

An  able  authority  has  thus  classified  water  supplied  for  the 
general  purposes  of  a  dwelling  :  ist  class,  not  containing  more  than 
5  degrees  of  hardness  per  gallon ;  2nd  class,  containing  from  5  to 
10  degrees;  and  3rd  class,  containing  from  10  to  20  degrees 
—{R.  S.  Burn). 

The  Rivers  Pollution  Commissioners  put  the  several  waters 
derived  from  various  sources  in  the  following  order,  having  regard 
to  their  hardness  : 

1.  Rain  water  (softest). 

2.  Upland  surface  water. 

3.  Surface  water  from  cultivated  land. 

4.  Polluted  river  water. 
^        5.  Spring  water. 

6.  Deep  well  water. 

7.  Shallow  well  water  (hardest). 

They  consider  water  at  or  below  six  degrees  of  hardness 
to  be  soft,  and  above  that  number  of  degrees  to  be  hard. 

Analytical  chemists  having  improved  on  the  invention  of  the 
late  Dr.  Clark,  of  Aberdeen,  will  now  readily  find  out  the  degree  of 
hardness  of  any  water  that  may  be  sent  to  them  for  the  purpose, 
by  ascertaining  how  many  measures  of  a  standard  solution  of  soap 
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are  required  by  a  stated  quantity  of  the  water  in  order  to  form  a 
lather. 

As  is  well  known,  Dr.  Clark,  nearly  30  years  ago,  invented  a 
process  of  water  softening  which,  having  stood  the  test  of  all  that 
time,  is  as  much  approved  of  at  the  present  moment  as  it  was  then. 
It  is  thus  most  concisely  described  in  Mr,  Burn's  work  on 
Sanitary  Science.  "  To  understand  the  nature  of  the  process  it 
will  be  necessary  to  advert  in  a  general  way  to  a  few  known 
chemical  properties  of  the  familiar  substance  chalk;  for  chalk 
at  once  forms  the  bulk  of  the  chemical  impurity  that  the  process 
will  separate  from  water,  and  is  the  material  whence  the  ingredient 
for  effecting  the  separation  will  be  obtained.  In  water  chalk  is 
almost  or  altogether  insoluble,  but  it  may  be  rendered  soluble  by 
either  of  the  two  processes  of  an  opposite  kind.  When  burned  as 
in  a  kiln  chalk  loses  weight,  and  if  dry  and  pure  only  nine  ounces  will 
remain  out  of  a  pound  of  sixteen  ounces.  These  nine  ounces  will 
be  soluble  in  water,  but  they  will  require  not  less  than  forty 
gallons  of  water  for  entire  solution.  Burnt  chalk  is  called  quick- 
lime, and  water  holding  quicklime  in  solution  is  called  lime 
water.  The  solution  thus  named  is  perfectly  clear  and  colourless. 
The  seven  ounces  lost  by  a  pound  of  chalk  on  being  burned, 
consist  of  carbonic  acid  gas,  that  gas  which  being  dissolved  under 
compression  by  water  forms  what  is  called  soda  water.  The  other 
mode  of  rendering  chalk  soluble  in  water  is  nearly  the  reverse. 
In  the  former  mode  a  pound  of  chalk  becomes  dissolved  in  water 
in  consequence  of  losing  seven  ounces  of  carbonic  acid.  To 
dissolve  in  the  second  mode  not  only  must  the  pound  of  chalk  not 
lose  the  seven  ounces  of  carbonic  acid  that  it  contains,  but  it  must 
combine  with  seven  additional  ounces  of  that  acid.  In  such  a 
state  of  combination  chalk  exists  in  the  waters  of  London,  dissolved, 
invisible,  colouress,  like  salt  in  water.  A  pound  of  chalk  dissolved 
in  five  hundred  gallons  of  water  by  seven  ounces  of  carbonic  acid 
would  form  a  solution  not  sensibly  different  in  ordinary  use  from 
the  filtered  water  of  the  Thames  in  the  average  state  of  that 
water.  Chalk  which  chemists  call  carbonate  of  lime  becomes 
what  they  call  bicarbonate  of  lime  when  it  is  dissolved  in  water  by 
carbonic  acid.  Any  lime  water  may  be  mixed  with  another,  and 
any  solution  of  bicarbonate  of  lime,  without  any  change  being 
produced.  The  clearness  of  the  mixed  solutions  would  be  undis- 
turbed. Not  so,  however,  if  lime  water  be  mixed  with  a  solution 
of  bicarbonate  of  lime.  Very  soon  a  haziness  appears.  This 
deepens  into  a  whiteness,  and  the  mixture  soon  acquires  the 
appearance  of  a  well  mixed  whitewash.  When  the  white  matter 
ceases  to  be  produced,  it  subsides,  and  in  process  of  time  leaves 
the  water  above  perfectly  clear.  The  subsided  matter  is  nothing 
but  chalk." 

"  This  is  the  basis  of  the  process.    Hard  water  contains  chalk 
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in  tke  farm  of  bicarbonate  of  lime.  By  the  addition  of  lime 
water  the  chalk  is  precipitated,  and  the  water  left  above  is  clear, 
colourless,  and  soft,  not  holding  in  any  sensible  degree  either  a 
solution  of  quicklime  or  bicarbonate  of  lime." 

Wherever  the  plan  has  been  adopted  it  has  been  successful." 

Such  is  the  well  known  "  Clark's  process."  Its  application, 
however,  has  been  generally  limited  to  large  public  examples 
owing  to  the  time  (24  hours)  requisite  to  allow  the  precipitate  to 
fall  to  the  bottom  after  the  mixing  has  been  effected,  and  before 
use.  This  delay  must  necessitate  the  storage  in  tanks  of  several 
days'  supply,  which,  in  the  case  of  large  dwellings  and  institutions, 
where  a  great  quantity  of  water  is  consumed,  is  very  objectionable. 

Among  many  suggestions  to  avoid  this  delay,  one  means 
invented  by  Messrs.  Atkins,  that  of  passing  the  water  through  a 
filter,  so  as  to  filter  out  the  precipitate,  instead  of  waiting  for  it  to 
fall  to  the  bottom  of  its  own  gravity,  has  been  adopted,  and  may 
facilitate  the  more  general  use  of  Clark's  process. 

In  small  houses,  however,  a  rough  and  ready  way  out  of  the 
difficulty  may  be  sometimes  advantageously  adopted.  It  consists 
of  three  ordinarily  sized  cisterns.  One  is  placed  above  the  other 
two,  and  is  the  receptacle  for  the  preparation  of  lime  water.  The 
'lower  two  contain  the  water  supply  of  the  house,  and  are  brought  into 
rise  on  alternate  days,  being  in  turn  supplied  with  the  lime  water 
from  the  upper  cistern.  The  draw-off  taps  from  the  two  lower 
cisterns  should  always  be  placed  at  a  height  of  some  few  inches 
above  the  bottom  to  allow  for  sediment,  and  there  should  also  be 
a  line  mark  on  the  outside  of  each  to  show  the  height  to  which  the 
lime  water  from  the  upper  cistern  should  be  added  before  the  hard 
water  from  the  main  is  admitted.  This  method  does  not  require 
more  than  a  small  amount  of  daily  attention,  and  the  cisterns 
should  not  occupy  much  space. 

Messrs.  Atkins  thus  describe  their  own  invention. 

"  The  filter  consists  in  the  first  place  of  a  number  of  discs  of 
perforated  metal  with  filter  cloth  stretched  over  them,  so  arranged 
as  to  present  the  largest  amount  of  filtering  surface  in  the  smallest 
compass.  These  discs  are  hollow  and  are  fitted  into  a  central 
tube,  which  forms  the  main  channel  for  carrying  off  the  filtered 
water." 

Fig.  79  (next  page)  represents  the  filter  apart  from  the  tank  or 
high  pressure  case  in  which  it  is  subsequently  fitted.  The  discs  are 
shown  at  D,  and  the  filtered  water  is  carried  off  by  the 
outlet  F. 
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Fig.  79. 


To  clean  the  surfaces  of  these  discs  the  handle  A  must  be 
turned.  This  turns  the  cog  wheels  B  which  set  the  brushes  C 
rapidly  revolving,  each  on  its  own  axis,  against  the  surfaces  of  the 
discs.  The  handle  A  also  communicates  raotion  to  the  discs 
themselves,  through  the  rod  H,  wh'ch  by  means  of  a  worm  causes 
the  discs  to  revolve  slowly,  and  brings  every  portion  of  their 
surfaces  by  degrees  in  contact  with  the  rapidly  revolving  brushes. 
Thus  in  a  very  few  seconds  the  discs  have  been  brushed  clean, 
and  after  a  short  delay  to  wash  out  the  collected  sediment,  the 
machine  is  ready  for  use  again. 
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Fig.  80  shows  the  complete  water  softening  apparatus,  and 
illustrates  how  it  may  be  fitted  up  in  a  country  mansion. 


Fig.  80. 


The  apparatus  complete  includes  the  following — 

(i.)  A  tank  to  store  the  mixture  of  lime  water. 

(2.)  Two  tanks,  one  containing  a  reserve  of  water  to  be 
treated,  and  the  other  a  graduated  amount  of  the  lime  water  to 
be  mixed  with  it. 

(3.)  The  mixing  chamber  where  the  two  streams  meet  and 
become  thoroughly  intermixed. 

(4.)  The  filter  to  receive  the  water  as  it  flows  from  the  tanks 
above,  and  to  deHver  it  to  the  ordinary  house  cistern  shown  at 
the  bottom  of  the  drawing. 

Another  process  largely  in  use  for  the  softening  of  water  in 
public  institutions  and  large  mansions,  where  a  large  supply  of 
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water  is  consumed  is  the  Porter-Clark  process,  which  m  principle 
is  very  similar  to  Atkins'  method  just  described.  It  is,  however, 
subject  to  the  same  drawback,  of  being  hardly  suitable,  owing  to 
the  large  expense  entailed  by  it,  for  ordinarily  sized  dwellings. 

LXV.— On  Water  Analysis.— It  is  to  be  regretted  that  there 
exists  no  capability  on  the  part  of  householders  of  testing  the 
degree  of  purity  characterising  the  water  they  have  to  drink._  It 
is  not  to  be  desired  on  scientific  grounds  that  the  uninitiated 
should  experimentalize  on  so  vital  a  question,  but  it  would 
nevertheless  be  a  great  boon  if  every  one  possessed  of  common 
sense  could  at  least  be  able  to  ascertain  whether  the  water  he  is 
drinking  is  of  a  suspicious  character  or  not. 

But  so  long  as  different  chemists  adopt  different  proportions 
and  forms  of  analysis— some  giving  in  their  reports  grains  and 
decimal  parts  of  a  grain  in  a  gallon  of  70,000  grains,  others  parts 
and  decimals  in  100,000  parts,  while  others,  again,  give  parts 
and  decimals  in  1,000,000  parts,  it  is  very  improbable  that 
facility  will  be  afforded  to  enable  householders  to  ascertain  for 
themselves  whether  they  may  continue  to  drink  the  water  supplied 
to  them  with  safety.  Some  of  the  most  eminent  chemists  of  the 
day  adopt  the  terms  "organic  carbon"  and  "organic  nitrogen" 
when  demonstrating  the  amount  of  pollution,  whilst  others  adopt 
"albumenoid  and  free  ammonia"  to  express  the  same  object. 
From  these  facts  we  may  conclude  that  the  amount  of  igno- 
rance which  now  prevails,  and  which  we  are  told  should  be 
removed,  is  likely  to  remain  so  long  as  our  professors  adopt 
different  languages  to  express  the  same  thing.* 


*  As  an  example  it  may  be  stated  that  Professor  Frankland  gives  the  analysis 
of  water  supplied  by  the  Lambeth  Company  to  the  metropolis  in  the  following 
terms  : — 

Results  of  analysis  in  parts  per  100,000 — 


Temperature  in  centigrade  degrees     ...  ...  ...  14*00 

Total  solid  impurity     ...       ...       ...  ...  ...  27*52 

Organic  carbon  ...       ...       ...       ...  ...  ...  "149 

Organic  nitrogen          ...       ...       ...  ...  ...  '038 

Ammonia...        ...        ..         ...        ...  ...  ...  nil. 

Nitrogen  as  nitrates  and  nitrites        ...  ...  ...  '193 

Total  combined  nitrogen        ...       ...  ...  ...  "231 

Previous  sewage  or  animal  contamination  ...  ...  1610° 

Chlorine  ...       ...       ...       ...       ...  ...  ...  I '95 

Total  hardness   ...       ...       ...       ...  ...  ...  20*9 

Whilst  Professor  Attfield thus  analyzes  water  from  the  same  source,  "One 
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_  The  nearest  approach  to  a  lest  adaptable  to  the  general  public 
IS  that  of  permanganate  of  potash  in  some  form  or  another* 
though  the  safest  thmg  to  do,  under  present  circumstances,  when 
the  quality  of  water  is  at  all  doubted,  is  to  send  a  sample  to  a 
competent  analytical  chemist.  Not  less  than  two  gallons  should 
be  sent  in  glass  bottles  with  glass  stoppers,  and  care  must  be 
taken  not  only  that  the  bottles  are  perfectly  clean,  but  that  they 
have  been  well  washed  out— at  least  twice— with  the  water  that  is 
to  be  analysed,  before  the  final  sample  is  sent  off.  The  stoppers 
should  be  sealed  down  and  the  date  and  other  attendant  cir- 
cumstances legibly  noted  on  the  outside  of  the  bottles. 
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gallon,"  he  says,  "  contains  the  following  number  of  grains  and  decimal  parts 
of  a  grain  of  the  respective  substances  : — 

Total  solid  matter  dried  at  212°  F.  ...  14' 

Ammoniacal  matter  yielding  10  per  cent,  of  ) 

nitrogen,  equal  to  ammonia  per  million  >  •006 

O'OI   j 

Albumenoid  organic  matter  yielding  10  per  ) 

cent,  of  nitrogen,  equal  to  ammonia  i  '024 

per  million  o •04...       ...       ...       ...  j 

^'itrites    none. 

Nitrates,  containing  17  percent,  of  nitrogen  ) 

(equal  to  grains  of  nitrogen  per  gallon  [  -15 

0-025)   » 

Chlorides,  containing  60  per  cent,  of  chlorine 

(equal  to  grains  of  chlorine  per  gallon  I '3) 
Hardness,  reckoned  as  chalk  grains  or 
degrees      ...       ...       ...       ...       ...  , 

Removed  by  ebullition,  8 'o   ( 

Unaffected  by  ebullition,  2  "5   ) 

Lead  or  copper        ...       ...       ...       ...  none. 

*  Tests  for  Decomposed  Organic  Matter. — Permanganate  of  potash, 
as  it  is  most  generally  obtained,  is  a  salt  dissolved  in  very  pure  water.  It  is 
remarkable  for  its  colouring  power,  and  communicates  a  bright  violet  rose 
colour  when  first  added  to  the  water  to  be  analysed.  If  decomposed  organic 
matter  be  present  in  a  degree  hurtful  to  health,  this  colour  is  changed  to  a  dull 
yellow  ;  or  if  a  still  larger  quantity  exist  in  the  water,  the  colour  will  in  time 
entirely  disappear.  Where  the  colour  is  rendered  paler,  but  still  retains  a 
decided  reddish  tinge,  then  we  may  infer,  that  although  putrefying  organic 
matter  is  present,  it  is  so  in  such  minute  quantities  as  are  not  likely  to  be 
immediately  hurtful.  One  drop  to  a  small  quantity  of  water,  or  two  to  a 
larger  quantity,  is  the  quantity  of  this  fluid  to  be  added.  It  should  be  allowed 
to  stand  for  two  hours  ;  if,  however,  the  change  in  colour  takes  place  before 
the  expiration  of  this  time,  it  is  a  strong  indication  of  the  impurity  of  the 
water —  the  rule  being  that  the  quicker  and  more  perfect  the  discolouring  of 
the  water  tested,  the  greater  is  the  quantity  of  decomposing  organic  matter 
present :  if  also,  upon  the  addition  of  a  few  more  drops,  a  change  in  colour 
is  manifested,  it  is  a  sign  that  a  very  large  and  dangerous  quantity  of  putrefying 
organic  matter  is  present.  Another  simple  test  for  organic  matter  is  that  of 
dissolving  in  water  a  small  quantity  of  white  sugar.  In  a  few  days  if  any 
organic  impurity  is  present,  the  water  will  become  white  and  milky.  This 
test  is,  however,  not  so  reliable  as  that  of  permanganate. 
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CHAPTER  VIII. 

LXVI  —Advantages  of  Public  over  Private  Supply.— In 
all  districts  where  the  supply  of  water  is  obtained  from  a  source  m 
the  hands  of  a  sanitary  authority  or  a  public  company,  the 
occupants  of  dwellings  will  generally  do  well  to  accept  that  supply, 
instead  of  looking  for  one  of  their  own,  for  the  mstances  are  rare 
in  which  a  better  or  safer  one  can  be  obtained  from  private 
sources.    Moreover,  if  the  actual  cost  of  water  obtained  by  means 
of  a  general  supply  be  compared  with  that  derived  from  private 
sources,  it  will  be  found  that,  in  the  majority  of  cases,  the  former 
will  be  the  cheaper  of  the  two.    Where  a  general  or  combined 
supply  is  adopted  in  rural  parishes  or  districts,  the  population  of 
which  is  sparse  and  comparatively  poor,  it  it  just  possible  that  the 
annual  charge  on  private  dwellings,  which,  on  an  average,  reaches 
i^.  only,  may  reach  is.  6d.  in  the  pound  on  their  rateable  mlue. 
A  dwelling  of  which  the  rateable  value  is  ^100  a  year,  would  then 
be  charged  as  much  as;^7  lo^.  per  annum,  or  nearly  5^.  per  day, 
which  is  high,  though  not  so  high  as  to  deter  householders  from 
taking  it  at  the  price ;  but  supposing  the  quantity  of  water  con- 
sumed daily  in  such  a  dwehing  to  be  300  gallons,  the  charge 
would  then  reach  a  penny  per  60  gallons  delivered  to  the  pre- 
mises.   It  is  impossible  to  deny  that  though  this  rate  of  charge 
very  much  exceeds  that  of  large  towns,  it  would  be  very  much  less 
than  a  resident  of  such  a  dwelUng  in  the  country  expends  in 
pumping,  or  otherwise  providing  the  same  quantity  of  water  for 
the  use  of  his  establishment. 

These  remarks,  which  favour  combined  supplies  in  rural  as  well 
as  urban  districts,  do  not,  of  course,  apply  to  dwellings  held  with 
lands  of  an  extent  and  character  sufficiently  large  to  furnish  water 
from  springs  or  from  uncultivated  surfaces,  and  to  allow  of  its  delivery 


SOURCES  OF  SUPPLY.  [WATER. 

by  gravitation.  Tliey  refer  to  those  very  numerous  instances 
where  no  general   su,)ply  exists,   and  where  individual  are 

?n  tTnt "  '-^^^^  ^«  -"--^ 

nn.  ^f7"--WELi^  OF  VARIOUS  KiNDS.-Up  to  this  time,  in  nine 
out  of  ten  cases  wiiere  no  general  supply  exists,  the  occupants  of 
(Iwellmgs,  as  already  shown,  are  dependent  upon  wells  of  different 

^cS,  ,1  ■    Pn'^„       generally  called  either  "  Deep  Wells  "  or 
bnallow  Wells. 

''Deep  Wells  "  are  technically  understood  to  mean  wells  of  any 
depth,  which  reach  a  subterranean  bed  in  one  of  the  Avater-bearini 
strata,  and  which,  being  fed  by  wide  and  distant  contribution 
never  altogether  fail  in  supply.  In  the  majority  of  cases  the 
power  required  to  raise  the  water  of  such  wells  is  greater  than  that 
of  hand. 

"Shallow  Wells"  are  those  which  are  fed  by  land  or  surface 
springs  from  sources  of  limited  extent  which  may  fail  in  very  dry 
weather,  and  the  waters  of  which  are  frequently  raised  by  hand  by 
a  suction  or  atmospheric  pump. 

Between  these  two  characteristic  kinds  of  wells  there  are  others 
which  penetrate  a  greater  depth  than  "  shallow  wells  "  without 
reaching  a  water-bearing  stratum.  The  waters  of  these  wells  are 
raised  by  lift  and  force  or  centrifugal  pumps,  or  by  windlass  and 
bucket.  They  are  sometimes  called  deep  wells,  because  the 
common  suction  pump  is  insufficient  of  itself  to  raise  the  water, 
though  they  more  frequently  than  either  '-deep"  or  "shallow" 
wells  fail  in  supply.  They  are  as  liable  to  defilement  as  the  latter, 
while  they  are  not  benefited  by  the  dilution  due  to  the  large  body 
of  water  forming  the  supply  of  wells  sunk  into  the  water-bearing 
strata. 

In  the  harder  portions  of  the  chalk  and  the  new  red  sandstone, 
as  well  as  in  the  oolites  and  older  hmestones,  wells  require  simply 
sinking  and  forming  without  lining,  but  in  clays  and  marls,  in 
free  and  broken  strata,  and  when  passing  through  thin  partings 
between  rocks,  they  must  be  steined. 

The  character  of  the  steining,  and  the  method  of  executing  it,, 
will  depend  upon  the  depth  of  the  Avells  and  the  precise  nature  of 
the  strata  through  which  they  are  sunk.  In  some  cases  the  lining 
will  consist  of  bricks,  laid  flat,  without  either  cement  or  mortar. 
In  others  it  will  consist  partly  of  courses  of  bricks  laid  dry  and 
partly  of  courses  laid  in  cement,  the  distance  between  the 
cemented  rings  varying  from  5  to  12  feet  according  to  circum- 
stances. Under  conditions  of  special  difficulty  the  bricks  should 
be  laid  wholly  in  cement.  In  cases  where  quicksands  are  met 
Avith,  or  where  it  is  intended  to  shut  out  top  water,  iron  cylinders 
are  resorted  to  as  the  lining.     The  exclusion  of  surface  waters  is 
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«Uofori  hv  Invin?  the  brick  steining  in  cement,  and 
sometnr.es  '^^^'^^.^^^^^^  bricks  and  the  soil,  and  this 

'°"^e"o'uit"su*^  of  -ses;  but  if  the  water 

Sh  itTin"to  exclude  is  ol  a  PoH-ting  character- and 
rhe  'nflux  of  asmall  quantity  may  be  very  prejudicial-it  should 
he  borne  ^n  mind  that  there  will  always  remain  the  possibility  of 
ks  percolatkig  through  the  soil  outside  the  concrete  or_  puddling, 
and  Sing  up  from  the  bottom  to  the  level  of  the  water  m  the  well. 
In  factTt  is  only  where  there  are  layers  of  impervious  rock  or  clay 
down  to  whkh  the  puddle  or  concrete  can  descend  and  with 
whTch  a  perfect  junction  maybe  effected,  that  outer  waters  can  be 
rxclud^d'from  wells  with  c'ertainty    With  "ng  ex^ 
concrete  will  find  greater  favour  with  well  sinkers^    For  the  stem 
ing  of  ordinary  wells  of  small  diameter,  4^ mch  work,  with  the 
brfcks  meeting  end  to  end,  is  amply  sufficient.    Nme-mch  work, 
S  or  witho'ut  cement,  is  more  appropriate  when  the  ground  - 
treacherous  and  the  diameter  of  the  well  greater.    In  all  cases 
radiated  bricks  should  be  used,  and  now  that  this  form  of  brick 
is  made  with  facility  there  is  no  reason  why  they  should  not  be 

^^^Thed^d  method  of  executing  steining  by  building  on  curbs 
of  wood  shod  with  iron,  and  allowing  both  curb  and  superstructure 
to  sink  down  together,  is  not  often  now  resorted  to. 

In  considering,  even  cursorily,  the  construction  of  wells,  the 
value  of  horizontal  wells  or  adits  -sometimes  called  galleries— 
as  a  means  of  storage,  cannot  be  omitted.  In  certain  formations, 
where  a  large  quantity  of  water  has  to  be  raised  from  a  single  well  m 
a  given  time,  they  are  invaluable.  At  the  well  at  Reid's  Breweiy, 
in  the  Clerkenwell  Road,  in  which  galleries  were  driven  in  the  chalk 
at  a  depth  of  200  feet  from  the  surface,  and  64  feet  into  the  chalk, 
the  yield  is  stated  to  be  192  gallons  per  minute,  or  101,178,000 
gallons  per  annum.  Water  rises  in  the  well  to  a  height  of  121 
feet  from  the  surface.  The  height  of  the  surface  is  70  feet  above 
sea  level,  and  the  water  therefore  stands  at  51  feet  below  the  same 
datum.  At  Bishop  Stortford,  in  a  well  of  which  the  galleries 
were  formed  154  feet  below  the  surface  and  38  feet  deep  m  the 
chalk,  the  yield  has  been  10,000  gallons  a  minute,  or  5,256,000,000 
gallons  annually.  Only  25  gallons  a  minute  came  from  the  shaft 
itself,  the  remainder  being  suppUed  by  the  galleries. 

Deep  Wells.— 'In  the  case  of  large  establishments  and  public 
institutions,  it  will  be  necessary  to  have  at  command  a  supply  of 
water,  if  it  can  be  possibly  secured,  which  will  not  be  readily  affected 
by  diminished  rainfall ;  and  the  instances  are  few  in  which  either 
the  new  red  sandstone  or  the  chalk  will  fail,  unless  the  subter- 
ranean beds  are  being  drawn  upon  at  the  same  time  by  large 
communities. 

The  opinion  of  the  Rivers  Pollution  Commissioners  is  here. 
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most  Ini    'P^''^'^"^'        palatable,  and  are  among  the  be 

The;^^^^^^^  ^'r'''''  -^"PP^y      Grea?  Britain 

ind  '         ^l^'  but  a  moderate  amount  of  saline  impurity 

and  e  ther  none,  or  but  the  merest  traces,  of  organk  mpu  v 

ltd  from'o^Lnr"-'  ^^^^ -'^^  ^e^"l 

Se  is  evTrrr?{snn^to7r''  '^r^'  ^^"^  "  become  excessive. 

acquainted     ThT.  ^^^h  which  we  have  become 

SaX  deaJ    Thp'n  P^^^^^^le,  and 

re  ervo  in  K"  2^  ""^^  constitutes  magnificent  underground 
reservoirs,  in  which  vast  volumes  of  water  are  not  only  rendered 

summer         f  ^'L'^  refreshing  in 

In  iH   '  K  K,   u  ^^"^oved  from  the  freezing  point  in  winter  It 

Tn  v  artS  '     "^^"^"^1" even  regardless  of  expense 

secure  mo  e  T^'^Z'"''  K'^'  ^^^^^  that  could 

secure  more  favourable  conditions   than   those  naturally  and 

g.a  uitously  afforded  by  the  chalk,  and  there  is  reason  to  believe 

exre llenr"'?    />!  f  ^'""^  '-f.  "P°^  abundant  and 

hlcnr^T  F        '  ^^^^^^'^^       ^  ^^^^^ge  medium 

become.    Every  1,000,000  gallons  of  water  abstracted  from  the 

fnnhfT^'u^l!  u       f  ^^^^^^g^'  one-and-a-quarter 

tons  of  the  chalk  through  which  it  has  percolated,  and  thus  makes 
room  for  an  additional  volume  of  about  no  gallons  of  water. 
Ihe  porosity  or  sponginess  of  the  chalk  must  therefore  go  on 
augmenting,  and  the  yield  from  wells  judiciously  sunk  ought 
within  certain  limits  to  increase  with  their  age.  The  only  draw- 
back to  these  waters  is  their  hardness,  but  this  disadvantage  is 
greatly^reduced  by  the  circumstance  that  it  is  chiefly  of  the  '  tem- 
porary kind,  and  can  be  therefore  easily  and  cheaply  removed  by 
the  application  of  Clark's,  or  some  other  approved  process." 

These  tempting  words  of  the  Rivers  Pollution  Commissioners 
must  be  received  with  considerable  allowance,  for  it  must  not  be 
forgotten  that  both  the  water  in  the  chalk  below  London,  and  that 
^'^^th^new  red  sandstone  below  Liverpool,  have  sunk  permanently 

The  well-sinker,  moreover,  does  not  always  meet  with  a 
sufficient  supply  even  in  these  strata.  In  the  chalk  he  will 
occasionally  fail  altogether  in  reaching  any  supply,  while  in 
several  mstances  the  draught  of  certain  wells  has  been  known, 
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as  previously  shown,  to  seriously  detract  from  the  supply  of 

""'^  When  sinking  the  trial-shaft  at  St.  Margaret's  Bay,  to  ascertairi 
thecnndkion  of  the  earth  through  which  the  proposed  Channel 
J      1  nass  Mr  Tilley,  of  Walbrook,  bored  through  the 

ch^  anrglrsan^^  into  the  gault  without  find^ng 

amwTr  Tn  the  new  red  sandstone  there  has  been  expenenced 
fn  add  don  to  occasional  failures  of  supply,  the  disadvantage 
arising  from  the  existence  of  gypsum,  which  gives  an  excessive 
deg  ef  of  hardness  to  the  water,  while  in  some  of  the  beds  of  the 
same  formation  salt  prevails  to  such  an  extent  as  to  render  the 
water  altogether  unfit  for  domestic  purposes. 

Is  an  engineer  seeking  water  from  subterranean  sources  must 
have  reLenc'e  to  the  geological  features  and  the  speaal  ~ 
stances  of  each  particular  case,  some  executed  ^^'^^^'f^  Par- 
ticulars of  which  may  be  found  useful,  may  be  veiy  briefly 

''^Tnlhe'new  red  sandstone,  Messrs.  Mather  and  Piatt,  of  the 
Salford  Iron  Works,  have  done  much  in  gaining  water  with 
thei?  patent  rock-boring  machinery.  The  yields  afforded  by  some 
of  these  borings  are  set  forth  in  the  following  table  :—   


Locality. 


Hulme,  Manchester 
Stockport  ,, 

>)  " 
Cheadle  ,, 
Patricroft  ,, 

Macclesfield  

Stockport,  Manchester 

ij  •' 

Hulme,  ,, 

Warrington  

Winwick,  Warrington 
Manchester 
,, 

Stockport,  Manchester 
Carditr,  South  Wales 
Manchester  


Supply  of  Water  per 
day  of  24  hours. 


gallons. 
86,400 
50,000 
43,200 
55.200 
100, 800 
66,240 
34.560 
24,960 
46,080 
63.360 
461,000 
648,000 
570,000 
806,400 
720,000 
90,720 


Mr,  Tilley,  who  has  had  much  experience  in  well  sinking  and 
boring  in  different  formations,  thus  gives  the  results  of  some 
of  his  operations  in  the  chalk  and  the  new  red  sandstone. 
Speaking  of  the  latter,  he  says  that  at  Aston,  near  Birmingham,  he 
sunk  a  well  100  feet  deep  and  bored  300  feet  for  the  Birmingham 
Water  Company,  and  obtained  a  supply  equal  to  3,000  gallons  a 
minute,  or  nearly  4,500,000  gallons  daily.  The  bore-hole  is  20 
inches  in  diameter,  and  into  it  the  suction  pipe  of  the  pump 
descends.  The  pump  works  a  lo-ft.  stroke  at  the  rate  of  9^ 
strokes  per  minute.    In  this  instance  Mr.  Tilley  says  that  the 
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Ten^henl""^  '  ^^^^^^^  ^  ^^^^ter  of  an  inch 

even  when  the  pumping  is  continuous. 

The  same  well-sinker  has  executed  sundry  other  works  with 
different  results.    In  1861  he  sunk,  at  a  cost  of  ^2  -zoo  -  No 

and'  /°r'.'7'"'^'^,^°'""^^^^°"^^^-  7  fe^Hn  diameter 

and  90  feet  deep  and  was  lined  with  cast  iron  cylinders  A 

boring  was  made  at  the  bottom  of  the  well  partly  14  inches  and 
partly  8  inches  in  diameter  to  a  total  depth  from  the  surface  of 
250  feet:  24  hours  pumping  at  the  rate  of  500  gallons  per 
minute  reduces  the  head  of  water  51  ft.  9  ins.  In  1873  he  sunk 
a  similar  vvell,  known  as  "  No.  2  well,"  about  20  feet  distant  from 
No.  I,  and  made  an  i8-inch  bore-hole  to  a  depth  of  400  feet  from 
the  surface  at  a  total  cost  of  £2,677.  The  quantity  raised  from 
this  well  IS  700  gallons  a  minute.  Since  the  well  was  finished 
No.  I  yields  a  greater  quantity  of  water  than  before,  and  the  com- 
missioners have  enlarged  and  deepened  it  to  the  depth  of  No  2 

Some  valuable  information  in  the  form  of  the  following  table 
from  Mr.  Paton,  of  St.  Albans,  whose  name  is  associated  with 
the  elforts  made  to  supply  London  with  water  from  the  Colne 
Valley,  and  who  has  had  very  large  experience  in  this  kind  of 
work,  is  here  given  : — 


Luton  Waterworks 

Edgware  Public  Well 

Harrow  Waterworks 

Henley-on-Thames 

High  Wycombe  Water- 
works   

Temple  Mills,  Great  Mar- 
low...  ...   

Watford  Brewery,  Wat- 
ford   

Commercial  Travellers' 
School,  near  Pinner 

Hendon  Union   

Guildford  Union  

Berkhampstead  Water- 
works 

Earl  Brownlow's  Estate, 
Ashridge   


Depth. 

Length  of  head- 
ings. 

Size. 

Daily   yield  in 
ga  Ions. 

Cost  of  sinking, 
boring,  &c., 
including  ma- 
terials used. 

Sunk. 

Bored. 

Total. 

Sinking. 

Boring. 

Headings. 

ft. 

ft. 

ft. 

ft. 

ft.  ins. 

ins. 

ft.  ft. 

£ 

50 

272 

322 

6  0 

10 

200,000 

405 

90 

200 

290 

4  0 

7 

40,000 

250 

193 

210 

403 

6  0 

15 

200,000 

1940 

246 

234 

480 

5  6 

6 

40,000 

480 

171 

171 

10 

120,000 

238 

20 

395 

415 

6  0 

12 

700,000 

525 

6 

227 

233 

5  0 

7 

135,000 

250 

32 

TIO 

142 

4  6 

6 

60,000 

150 

85 

240 

325 

4  6 

7 

50,000 

310 

210 

124 

334 

5  0 

6 

40,000 

327 

10 

200 

210 

4  6 

8 

100,000 

200 

255 

93 

345 

320 

6  0 

10 

7x6 

288,000 

2099 

The  last  instance  given  in  the  foregoing  table  has  a  special 
bearing  on  the  water  supply  of  the  dwelling,  as  it  shows  what  a 
nobleman  of  wealth  may  do  for  the  supply  of  his  mansion,  and  for 
farms  and  villages  near  at  hand.  In  this  case,  Mr.  Paxton, 
the  agent  to  the  estate,  says,  that  the  water  is  raised  by  an 
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enmne  of  28  horse-power,  working  three-throw  pumps,  in  sufficient 
vXme  to  afford  a  constant  supply  to  the  mansion,  gardens  and 
fountains  as  well  as  to  the  villages  and  farms  of  Ringshall,  Little 
Gaddesden  and  Hudnall.  The  total  cost  of  laymg  on  thewater- 
i^ctdTng  well  sinking  and  boring,  engines  covered  reservoirs 
tanks  and  cisterns-was  ^11,018  18..  2d.,  while  the  average  cost 
of  repairs,  attendance,  and  working  expenses,  amounts  to  ^430 

^^'mT  Thomas  Docwra,  of  Balls  Pond,  who  has  also  had  very 
wide  experience  in  well  sinking,  says  that  he  has  found  that  many 
beds  both  in  the  new  red  sandstone  and  m  the  chalk,  differ  very 
much  in  texture,  as  well  as  in  their  other  characteristics  There 
are  layers,  he  says,  in  the  chalk  quite  as  compact  and  solid  as 
certain  descriptions  of  rock  :  some  beds,  in  fact,  being  used  as  a 
building  stone.    These  are  costly  to  get  through.    Comparing  the 
soft  with  the  hard  portions,  Mr.  Docwra  says  the  cost  of  excavation 
will  be  about  half.    With  respect  to  the  new  red  sandstone,  he 
considers  that,  as  a  general  rule,  the  cost  may  be  taken  to  be 
about  double  that  of  the  same  work  in  the  softer  chalk,  or  about 
the  same  as  the  harder  chalk.    The  cost  of  sinking  wells— say  ot 
a  diameter  of  seven  feet— in  the  soft  chalk  is  estimated  by 
Mr  Docwra  at  20^.  per  foot  for  the  first  20  feet,  to  which  must 
be  added  5^.  per  foot  for  each  20  feet  of  additional  depth  j  for 
instance  : 

Wells  from  20  to  40  feet  in  depth,  25^-.  per  foot, 
do.       40  jj  60     „       „       2)°^'  „ 
With  respect  to  boring,  Mr.  Docwra's  figures  are  as  follows 
24-in.  bore-hole,  without  piping,  1  20^.  per  foot,  increasing  ^s.  per 
starting  at  100  ft.  from  surface  J  foot  at  every  20  feet. 
i8-in.  „  „  "  6d  „ 

12  in.  „  „  1°-^-       "  " 

6-in.  „  »  " 

and  he  states  that  "  the  prices  of  cast  and  wrought  iron  pipes 
for  lining  bore-holes  vary  from  is.  per  inch  (diameter)  per  foot  in 
the  smaller  sizes,  to  i^.  6d.  per  inch  per  foot  in  the  larger  sizes. 
In  driving  headings  in  chalk  the  cost  is  governed  by  the  depth  from 
the  surface  j  one  at  100  feet,  of  the  size  of  seven  feet  by  four  feet, 
would  cost  ;^2  to  per  foot  forward.  These  figures  do  not 
include  any  pumping  that  may  be  requisite  during  the  carrying 
out  of  the  work. 

Mr.  Tilley  puts  the  cost  of  boring  in  the  red  sandstone  and  in 
the  chalk  as  follows  : — 

Eed  Sandstone.  ChaUc. 

6-inch  bore  hole     ...      20/-      ...      20/-I  Exclusive 
12-inch       „  ...      40/-      •••      32/- y  of 

18-inch       „         ...     60/-     ...     54/-J  pipes. 
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[water. 

Speaking  generally,  not  only  is  the  sinking  of  deep  wells  an 
expensive  and,  in  some  instances,  a  doubtful  work  in  itself  but 
when  the  annual  cost  of  pumping  is  added  to  the  interest  on  the 
capital  expended,  the  current  cost  often  becomes  a  very  formidable 
matter  indeed.  In  large  towns  the  expense  of  obtaining  water 
from  deep  wells  falls  comparatively  lightly  upon  the  recipients 
the  number  of  inhabitants  upon  which  it  can  be  apportioned 
being  large.  It  is  found,  too,  in  practice,  that  after  great 
expense  has  been  incurred  in  sinking  deep  wells,  the  labour 
of  pumping,  where  neither  steam,  water,  wind,  or  horse-power  is 
resorted  to,  is  so  oppressive  on  servants,  that  the  only  water  raised 
is  that  used  for  drinking  and  special  purposes.  Deep  wells  are 
then  supplemented  by  shallow  ("suspicious") 
ones,  or  by  the  storage  of  surface  waters  (also 
"  suspicious  "),  so  that  the  superior  character  of 
deep  well  water  is  partially  lost,  and  the  original 
outlay  increased  by  the  provision  of  two  sources 
of  supply. 

Shallow  Wells.— Oi these  wells  as  a  means  of 
supply  to  dwellings  there  is  nothing  further  to 
say  than  that  of  412  wells  examined  by  the 
Rivers  Pollution  Commissioners  with  a  view  to 
ascertain  their  fitness  for  the  purpose  they 
served,_  there  were  very  few  yielding  a  supply  of 
a  sufficiently  pure  character  to  rank  as  "  whole- 
some" water. 

Tube  Wells. — Although  this  condemnation  of 
shallow  wells  is  very  general,  it  should  be  pointed 
out  that  wherever  a  constant  supply  of  pure 
water  can  be  found  in  a  free  soil  within  20  or 
25  feet  of  the  surface,  recourse  may  be  very 
advantageously  had  to  the  Abyssinian  (Norton's) 
tube  wells  {see  Fig.  81).    If  these  tube  wells 
are  adopted  no  shaft  is  sunk.    The  water  is 
reached  by  driving  or  simply  screwing  the  tube 
down  through  the  ground  to  the  water  level. 
In  localities  where  the  water  reached  is  below 
the  range  of  a  lift  pump,  it  is  necessary  to  employ 
tubes  of  a  larger  diameter  than  those  adapted  to 
shallow  wells,  and  the  plan  by  which  the  water 
is  raised  from  any  depth  is  described  by  Messrs. 
Legrand  and  Sutcliff,  the  makers  of  the  Abys- 
sinian well  tube,  in  the  following  terms  : — 

"As  soon  as  the  first  or  pointed  length  has 
been  driven,  a  working  barrel,  which  consists  of 
a  short  length  of  well  tube  lined  with  brass,  is 
added  to  the  well  tube  by  placing  the  valve  seat 
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D  (see  Fig  83)  into  the  working  barrel  (whicii  is  engraved  in  section 
in  order  to  show  the  position  of  the  lower  valve  seat  and  ring 
(see  Fig  82),  and  then  screwing  the  working  barrel  on  the  well 
tube  in  the  usual  manner  with  the  socket  which  has  been  taken 
off  the  well  tube,  until  it  fairly  butts  upon  the  well  tube. 


Fig.  84 


The  ring  A,  with  its  broad  part  downwards,  is  next  laid  on  top 
of  the  working  barrel,  as  shown  in  Fig.  82,  on  to  which  the  next 
length  of  tube  is  screwed  in  the  ordinary  way  until  it  is  firmly 
butted  on  to  the  working  barrel,  after  which  process  driving  is 
continued  in  the  ordinary  manner  until  water  is  reached,  and  when 
driven  until  there  stands  several  feet  of  water  in  the  tube,  the 
lower  valve  C  is  lowered  into  its  seating  by  means  of  a  small 
hook  provided  for  that  purpose,  which  can  be  coupled  to  the 
pump  rods. 

"  The  lower  valve  having  been  carefully  wound  round  with 
tow  and  a  little  tallow,  is  hung  on  to  the  hook  above  mentioned, 
and  thus  lowered  down  the  tube  until  it  reaches  the  valve  seat  D, 
as  shown  in  Fig.  84  3  the  hook  is  then  disengaged  from  the  valve 
and  drawn  up. 

"  The  bucket  B  is  next  screwed  on  to  one  of  the  iron  rods 
provided  for  the  pump,  and  lowered  down  the  tube  well  by 
adding  as  many  of  the  rods  as  are  necessary,  until  it  reaches  into 
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the  working  barrel,  as  shown  in  Fig,  84,  and  by  allowing  it  to  rap 
very  slightly  on  to  the  lower  valve  C  it  will  embed  the  lower  valve 
firmly  mto  its  place. 

The  rods  that  have  been  thus  lowered  have  now  to  be  coupled 
to  the  short  length  connected  with  the  pump  handle  and  passing 
through  the  barrel,  the  best  way  to  do  this  being  to  Temove  the 
pump  handle,  when  the  short  rod  leading  from  it  can  be  screwed 
mto  the  coupling,  and  made  secure  like  the  rest  of  the  joints  by 
split  pms.  The  pump  head  can  then  either  be  screwed  or  bolted  on 
to  the  tube  well,  and  when  the  handle  is  connected  the  whole  is 
so  far  complete. 

"  To  start  the  pump,  water  must  be  poured  down  through  the 
top,  and  pumping  commenced,  and  in  a  short  time  the  water  will 
commerice  to  flow,  the  time  varying  according  to  the  depth  it  has 
to  be  raised. 

"  At  first  it  should  be  pumped  rapidly,  in  order  to  get  up  as 
much  of  the  grit  and  sand  as  possible,  until  it  gets  clear,  and 
as  soon  as  this  is  done  the  well  is  complete. 

"  In  conclusion,  it  may  be  observed,  that  all  remarks  and 
instructions  given  for  the  smaller  wells  apply  equally  to  the  larger 
and  deeper  wells. 

"A  simple  plan  very  frequently  adopted  with  deep  wells,  where 
the  depth  at  which  the  water  stands  is  not  very  much  below 
the  reach  of  a  lift  pump,  is  as  follows  : — For  instance,  when  a 
tube  well  has  been  driven,  say  50  feet,  and  the  water  has  risen 
only  12  feet,  a  hole,  say  12  feet,  can  be  dug,  at  which  depth 
the  ordinary  pump  can  be  attached,  and  the  well  cleared  up, 
and  then  a  working  barrel  can  be  coupled  on  with  a  larger  tube 
reaching  to  the  surface,  and  surmounted  by  a  pump  head  as 
described.  This  large  tube  can  be  of  either  wrought  or  cast  iron, 
and  as  the  lower  valve,  &c.,  can  be  got  at  from  the  surface,  the 
hole  can  be  filled  up  again. 

"It  will  be  seen  that  this  plan  will  frequently  be  found  the  most 
economical,  especially  where  it  is  not  known  beforehand  that  the 
water  will  require  to  be  raised  from  such  a  depth,  as  it  enables 
the  small  tube  that  has  been  driven  to  be  utilized,  instead  of  having 
to  pull  it  up,  and  re-drive  another  larger  and  more  expensive  tube, 
besides  the  delay  thereby  incurred. 

"  When  water  is  required  in  large  quantities,  either  for  public 
establishments,  factories,  breweries,  or  for  irrigation,  two  or  more  of 
the  first,  second,  or  third  sized  wells  are  driven,  and  coupled 
together  to  one  main,  according  to  the  supply  required  and  the 
nature  of  the  strata  from  which  the  supply  is  obtained. 

"  No  rule  whatever  can  be  laid  down  as  to  the  number  or 
size  of  tube  wells  necessary  to  be  driven  in  order  to  obtain  a  given 
quantity  of  water,  for  everything  depends  upon  the  nature  of  the 
water-bearing  strata.    In  some  places  water  may  exist  in  abun- 
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dance,  but  the  stratum  may  be  of  a  close,  unyielding  nature ;  in 
other  places  the  water-bearing  seam  may  be  but  shallow,  and  yet 
supply  a  copious  yield,  and  in  others  both  the  seam  may  be  shallow 
and  the  yield  slow,  and  vice  versa. 

"  The  smallest  size  tube  well  (i:^inch)  is  of  course  the  most 
handy,  and  when  the  supply  required  is  not  very  large,  it  may  be 
more  convenient  to  couple  as  many  as  four  or  five  together,  though 
this  remark  refers  more  particularly  to  when  the  wells  are  sent  to 
colonies  and  great  distances,  where  it  would  involve  considerable 
delay  to  send  for  the  larger  sizes.  The  average  i finch  well 
will  yield  from  150  to  800  gallons  per  hour,  according  to  the 
nature  of  strata  and  power  applied. 

"The  second  size  (2-inch)  is  a  very  useful  one,  and  can  at 
times  be  used  with  advantage  to  the  number  of  10  or  12  coupled 
to  one  main,  the  capacity  of  yield  being  from  300  to  1,500  gallons 
per  hour,  according  to  the  nature  of  the  stratum,  &c. 

"  The  third  size  (3-inch)  is  the  description  mostly  employed 
for  large  supplies,  and  on  an  average  will  yield  from  450  to 
2,000  gallons  per  hour. 

"  It  should  be  mentioned  that  in  localities  where  the  yield  is 
found  to  be  slow,  and  the  water-bearing  seam  shallow,  it  is 
sometimes  an  advantage  to  employ  a  larger  number  of  small 
wells  in  preference  to  a  lesser  number  of  large  wells,  inasmuch  as 
if  the  rate  of  supply  will  not  exceed  a  given  maximum  quantity 
to  one  centre,  the  employment  of  larger  wells  will  not  increase  such 
yield  proportionately  with  the  increased  size. 

"  The  manner  in  which  a  number  of  these  wells  are  usually 
coupled  together  is  by  means  of  a  main,  or  series  of  cast  iron 
llange  pipes  with  branch  pieces  placed  at  intervals,  such  intervals 
being  governed  by  the  nature  of  the  water  bearing  seam.  Usually 
it  is  found  that  18  feet  of  main  is  a  fair  space  to  place  between 
the  branch  pieces  in  order  that  the  draught  of  one  well  may 
not  interfere  with  that  of  the  next.  There  are,  of  course,  places 
where  it  would  be  safe  to  place  them  nearer  together,  whilst  on  the 
other  hand  there  are  places  where  it  may  be  necessary  to  increase 
this  distance.  As  a  rule  the  further  apart  (within  reason)  the 
better. 

"  As  will  be  seen  by  Fig.  85  a  bend  is  attached  to  each  branch 
piece,  and  this  bend  is  coupled  on  to  the  tube  well  by  means  of  a 
flange  screwed  on  to  the  tube  well  corresponding  with  the  flange 
of  the  bend. 


Fig.  8s. 
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"  More  wells  can  always  be  added  to  this  main  at  any  time 
by  simply  substituting  a  branch  piece  for  the  terminal  bend,  and 
prolonging  the  cast  iron  pipes  in  accordance  with  the  number 
of  wells  added,  and  again  finishing  with  the  original  terminal 
bend. 

"  For  convenience  and  protection  from  frost  it  is  customary 
to_  lay  these  mains  two  feet  below  the  surface.  The  flange 
joints  are  usually  made  with  india-rubber  washers." 


in  the  ground  within  a  moderate  distance  of  the  surface. 

Fig.  86  shows  a  tube  well  and  centrifugal  pump  adopted  by 
Messrs.  Gwynne,  and  recommended  by  them  where  a  large  supply 
is  to  be  raised  from  an  underground  bed  of  water  within  ready 
reach.  The  pipe  or  tube  selected  has  a  powerful  screw  attached 
to  it ;  this  is  turned  round  and  screwed  into  the  ground.  If  the 
tube  is  large  in  diameter,  a  windlass  or  horse-power  may  be 
required  to  sink  it,  and  in  such  cases  it  may  be  necessary  to  leave 
the  end  open  so  as  to  reduce  the  friction  and  the  consequent 
power  necessary  for  sinking.  Fig.  86  shows  the  tube  sunk  to  a 
proper  depth  in  the  water-bearing  strata.    A  series  of  holes  or 


Fig.  86. 


The  makers  of  these  tube  wells 
state  that  in  gravel,  chalk,  and 
some  kinds  of  hard  marls,  from 
400  to  2,000  gallons  of  water 
per  hour  may  be  obtained  by 
their  use,  the  ordinary  quantity 
in  coarse  sands  ranging  from  300 
to  800  gallons  per  hour,  and  in 
fine  sands  (including  quicksand 
and  loamy  sand)  from  150  to  500 
gallons  per  hour.  At  Burton- 
on-Trent  where  the  coupled  tube 
wells — which  are  shown  by  Fig. 
85 — are  in  use,  and  where  the 
subsoil  is  composed  of  a  gravel 
and  sand,  two  of  the  principal 
brewers  raise  from  40,000  to 
60,000  gallons  per  hour  each. 
At  Northfleet  (cement  works) 
3,000  gallons  per  hour  are  thus 
raised  from  the  chalk,  and  at 
Newark  4,000  gallons  per  hour 
from  the  red  marl  formation. 
There  is  no  reason  why  such  a 
safe  and  economical  means  of 
supply  should  not  be  more  fre- 
quently resorted  to  for  dwellings 
of  all  kinds  where  the  water  stands 
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openings  is  left  in  the  lower  end  of  the  tube,  a  powerful  sucking 
pump  is  applied  to  the  upper  end  of  it,  and  the  water  comes  up, 
bringing  with  it  sand,  clay,  &c. ;  this  after  a  time  makes  a  cavity, 
as  shown,  which  acts  as  a  reservoir  for  the  water,  and  the  more 
such  wells  are  worked  the  better  they  will  become.  This  mode 
of  sinking,  especially  through  quicksand,  or  where  large  quantities 
of  surface  water  have  to  be  contended  with,  offers  highly 
important  advantages. 

LXVIII. — Rain-water  from  Roofs  and  Impervious  Sur- 
faces.— The  collection  of  water  from  clean  roofs  can  hardly  be 
over-valued  if,  as  declared  by  Dr.  Angus  Smith,  and  satisfactorily 
proved  in  many  cases,  the  rainfall  can  positively  be  preserved 
free  of  organic  impurities,  and  raised  to  the  highest  standard  of 
quality  by  careful  collection  and  judicious  domestic  filtration. 

There  are  many  dwellings — public  institutions  and  mansions — 
in  this  country  where  the  extent  of  roofing  exceeds  in  superficial 
area  half  an  acre,  or  80  poles  (600  x  33  feet),  and  very  many 
more — mansions,  for  instance — where  it  exceeds  a  quarter  of  an 
acre,  or  40  poles.  An  ordinary  dwelling-house  will  cover  10  poles, 
and  a  rural  labourer's  cottage  2^  poles. 

An  inch  of  rain  falling  on  these  surfaces  will  yield  respec- 
tively 11,311  gallons,  5,655^  gallons,  1,4134  gallons,  and  353^ 
gallons.  On  the  western  side  of  the  country  the  minimum  annual 
rainfall  reaches  25  inches;  on  the  eastern  15  inches.  If  the 
whole  of  these  minimum  quantities  be  collected  they  would 
amount  to  (i)  282,775  gallons,  (2)  141,387  gallons,  (3)  35,347 
gallons,  and  (4)  8,837  gallons  respectively  on  the  west;  and  on  the 
east  to  (i)  169,665  gallons,  (2)  84,832  gallons,  (3)  21,208  gallons, 
and  (4)  5,302  gallons.  From  this  it  will  be  seen  that,  taking  the 
domestic  supply  per  person  at  15  gallons  per  diem,  the  quantity 
to  be  secured  would  be  sufficient  in  the  west  for  50  persons, 
25  persons,  6  persons,  and  persons  respectively,  and  in  the  east 
for  30  persons,  15  persons,  4  persons,  and  i  person  respectively, 
all  the  year  round,  and,  of  course,  to  three  times  as  many  if, 
instead  of  15  gallons  a  head,  5  gallons  would  suffice,  which  in 
times  of  drought  it  would  probably  do. 

Where  the  quantity  of  water  required  is  in  excess  of  that  which 
roofs  will  afford,  it  will  be  necessary  to  add  an  extent  of  surface, 
which  may  be  prepared  by  covering  the  ground  with  concrete  or 
other  impervious  material  to  throw  off  the  required  addition.  A 
few  poles  of  ground  with  a  regular  slope  will  frequently  suffice  for 
this  purpose. 

TXIX, — Water  from  the  Surfaces  and  from  the  Under- 
DRAiNS  of  Cultivated  Lands. — The  water  from  cultivated 
surfaces,  in  which  is  included  that  which  is  contributed  to  our 
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rivers  by  tributary  streams,  and  which  may  have  been  rendered 
impure  by  the  organic  matter  washed  ofif  such  surfaces,  is  generally 
inferior  in  quality  to  that  to  be  obtained  from  roofs  and  prepared 
surfaces.  Nor  is  the  water  obtained  from  the  surface  of  cultivated 
lands  so  good  in  quality  as  that  placed  at  command  by  the  under- 
drains  of  such  lands.  The  quantity  available  in  a  year  from  the 
under-drains  of  clay  lands  will  probably  amount  to  one-third  of 
the  winter's  rainfall,  but  the  minimum  discharge,  upon  which  alone 
dependence  can  be  placed,  may  be  as  little  as  one  inch,  or  22,622 
gallons  per  acre.  With  this  reduced  supply,  if  supported  by 
proper  storage  arrangements,  two-and-a-half  acres  of  land  will 
suffice  for  the  supply  of  a  dwelling,  containing  10  persons,  with 
15  gallons  per  head  per  diem  for  a  whole  year. 

Water  thrown  off  cultivated  surfaces  may  be  made  serviceable 
for  use,  where  other  means  of  supply  fail,  by  simple  filtration 
through  natural  soil.  Thus  it  may  become  very  far  superior  to 
the  water  now  consumed  by  the  majority  of  households  in  rural 
districts.  The  preparation  of  the  filter  beds  of  natural  soil  through 
which  to  run  these  waters  is  simple  enough.  A  plot  of  land  by  the 
side  of  a  stream  may  for  convenience  be  selected  for  the  purpose. 
It  must  be  under-drained  as  deeply  as  possible,  and  the  water 
being  diverted  from  the  stream  should  be  evenly  distributed  over 
its  surface,  and  if  the  distribution  be  regulated  by  furrows,  it  may 
be  effected  with  precision. 

The  water  of  under-drainage,  if  found  to  contain  ingredients  of 
an  objectionable  character  after  its  passage  through  the  ground  to 
the  under-drains,  can  be  rendered  perfectly  unobjectionable  by  a 
second  filtration  through  a  plot  of  prepared  soil,  as  pointed  out  in 
the  case  of  surface  waters. 

Objections  have  been  advanced  to  the  use  of  any  water  that 
may  have  been  once  impure  ;  but  when  we  are  taught  by  chemists 
to  believe  that  the  extraordinary  purifying  powers  of  aerated  soil 
will  render  innocuous  large  quantities  of  sewage  in  which  exists 
organic  nitrogen  in  considerable  amount,  we  must  be  satisfied  that 
by  a  second  passage  through  natural  soil,  the  water  of  under- 
drainage  may  be  positively  freed  from  any  injurious  ingredients 
it  may  have  contained.  The  advantage  of  filtration  through  soil 
has  been  shown  at  Merthyr  Tydfil,  where  the  effluent  water  of  the 
under-drains  of  the  land  to  which  sewage  was  applied  was  found 
by  the  analyses  of  the  Rivers  Pollution  Commission  to  contam, 
on  an  average,  not  more  than  -032  parts  of  organic  nitrogen  per 
100,000  parts  of  water. 
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CHAPTER  IX. 

LXX.— Introductory  Observations. — Having  referred  to 
the  several  sources  from  whence  a  supply  of  water  may  be  gamed 
for  the  dwelling,  it  should  be  now  considered  by  what  means  the 
quantity  required  for  use  may  be  most  economically  delivered  to 
it_whether,  failing  gravitation,  the  power  necessary  for  the  purpose 
shall  be  exerted  by  hand,  horse,  wind,  water,  steam,  gas,  or  hot 
air. 

The  choice  will  necessarily  depend  upon  the  depth  from 
which  the  water  has  to  be  lifted,  the  height  to  which  it  has  to  be 
raised,  the  rate  at  which  it  must  be  delivered,  and  the  total 
quantity  required  for  use.  The  power  afforded  by  steani  may  be 
said  to 'be  always  at  command  and  to  be  unlimited  ;  with  other 
motors  the  power  afforded  will  be  dependent  upon  local  circum- 
stances. 

To  arrive  at  the  value  of  manual  and  animal  power,  Telford 
adopted  the  rule  that  "  the  work  done  by  an  animal  is  greater 
when  the  velocity  with  which  it  moves  is  one-third  of  the  greatest 
velocity  with  which  it  can  move  when  not  impeded,  and  the  force 
then  exerted  is  four-ninths  of  the  utmost  force  the  animal  can 
exert  at  a  dead  pull."  He  considered  that  a  man  of  ordinary 
strength  could  exert  a  force  of  1 5  lbs.  at  a  crane  handle  moving  at 
the  rate  of  220  feet  per  minute  per  day  of  eight  hours,  while  an 
ordinary  horse  when  drawing  at  the  same  speed — 220  feet  per 
minute — would  be  able  to  exert  a  steady  pull  of  1 50  lbs.  for  eight 
hours  per  day — 220  x  150  =  33,000  foot  pounds  per  minute. 
At  this  rate  a  horse  is  equal  to  ten  men. 
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I  give  this  here,  as  the  power  to  raise  33,000  lbs.  to  a  height 
ot  one  foot  per  minute  is  that  which  is  now  generally  taken,  as  is 
well  known,  as  the  datum  power  of  a  horse  in  calculations  of  the 
service  of  different  motors. 

Boulton  and  Watt  arrived  at  the  same  result  in  a  different  way, 
though  they  considered  that  the  power  of  a  horse  was  only  a 
times  that  of  a  man.  ^ 

The  usual  calculation  is  that  an  average  horse  has  seven  times 
the  power  of  an  average  man— a  proportion  which  will  be  found 
to  agree  with  the  figures  given  in  the  following  useful  table  of 
Power  required  to  raise  Waterfront  Deep  Wells,  from  Molesworth's 
book  of  Engineering  Formulce. : — 


Diameter 

Description 
of  pump. 

Quantity  of 

Maximum  depth  from  which  this  quantity  can  be 
raised  by  each  unit  of  power. 

of  pump 
barrel. 

water 
raised  per 
hour. 

One  man 
turning  a 
crank. 

One  donkey 
working  a 
gin. 

One  horse 
(animal) 
working  a 
gin. 

One  horse- 
power steam 
engine. 

Inches. 

13 

.ii  0 

Gallons. 

Feet. 

Feet. 

Feet. 

Feet. 

2 

3 

t\ 
4 

Double-act 
lift  and  for 
pump. 

225 
360 
520 
700 
goo 

80 
so 
35 
25 
20 

160 
100 
70 

50 
40 

560 
350 
245 
17s 
140 

880 

550 

385 
275 

220 

A  gallon  of  water  weights  to  lbs.,  and  by  the  data  given  it  will 
be  -  seen  that  the  maximum  number  of  gallons  which  can  be 
raised  by  an  average  horse  one  foot  high  per  hour  reaches  198,000 
gallons,  and  by  an  average  man  28,286  gallons. 

In  practice  a  considerable  allowance  must  be  made  for  the 
loss  of  power  resulting  from  friction,  and  from  the  inappro- 
priate or  defective  nature  of  the  machinery  by  which  the  power  is 
utilized.  It  may  be  well,  therefore,  to  explain  the  different 
mechanical  arrangements  which  are  usually  adopted  in  the  raising 
of  water,  and  before  doing  so  to  give  here  some  deductions  made 
from  certain  details  which  I  have  obtained  from  several  of  our 
principal  mechanical  engineers- — Messrs.  Gwynne,  Essex  Street ; 
Messrs.  Owens  and  Co.,  Messrs.  Warner,  Messrs.  Tang}fe,  and 
Mr.  Mason,  Ipswich ; — and  which  I  have  reduced  to  the  form  of 
the  following  table,  showing  when  hand,  horse,  or  steam  power  (or 
its  equivalent  in  wind  or  water)  can  be  most  economically  adopted. 
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Table  showing  the  description  of  pump  to  be  adopted,  the  character  of  power 
requireTand  the  time  taken  to  raise  different  quantities  of  water  from 
ISioZ  depths  below,  to  a  .height  of  60  feet  above,  the  surface  of  the 
ground  for  the  supply  of  dwellings.   ^ 
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Description  of  pump  to  be  used. 


Character. 


o  . 


300  < 


Galls. 
250 

1,000 
5,000 
25,000 
50,000 

250 

1,000 

5,000 

25,000 
50,000 

250 
1,000 

5,000 

25,000 
50,000 

1,000 

5,000 
25,000 
50,000 

1,000 
5,000 
25,000 
50,000 


2V'  lift  and  force  pump 


4" 
6" 

7i" 


3" 
4" 
6" 

7a 


6" 

9" 


4" 
6" 

9" 


3" 
4" 
6" 

9" 


ditto, 
ditto, 
ditto, 
ditto. 

ditto. 

ditto. 

ditto. 

ditto, 
ditto. 

ditto, 
ditto. 

ditto. 

ditto, 
ditto. 

ditto. 

ditto, 
ditto, 
ditto. 

ditto, 
ditto, 
ditto, 
ditto. 
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Character  of  power 
to  be  employed. 


T3 

D  . 

^■^ 

I.  11 
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Inches. 

6  to  9 

7  to  9 
9  to  10 
12  to  18 

18  to  21 

6  to  9 
9 

9  to  12 
12  to  18 

18  to  21 

7 

9 

9  or  10 

12  to  18 
18 


9 

15  to  18 
18 

12 
12 
15  to  18 
18 


One  man  or  strong 
boy 

Two  men  or  donkey 
One  horse  

3  H.P.  engine 

4  H.P.  engine 

One  man  or  strong 
boy 

Donkey  or  pony  ... 
f  Two  horses 
I2  H.P.  engine 
4  H.P.  engine 
6  H.P.  engine 

One  man   

One  horse  ... 

^  Two  horses 

(2  H.P.  engine  . 

6  H.P.  engine 

12  H.P.  engine  .. 

("Two  horses 

1  2  H.P.  engine  . 

2  H.P.  engine 
8  H.P.  engine 
12  H.P.  engine 

2  H.P.  engine 
4  H.P.  engine 
8  H.P.  engine 
14  H.P.  engine 


Galls. 
170 

340 
1,000 
5,000 
10,000 

125 

500 
1,000 
1,500 
5,000 
10,000 

100 
400 
1,000 
1,500 
5,000 
10,000 

400 
800 
1,000 
5,000 
10,000 

700 
1,500 
4,000 
7,200 


a 

o 


Hrs. 


2 
5 

3i 
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5 
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2^ 
5 

3^ 

5 

5 

i4 
5 
5 
5 


It 
3i 
6i 
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In  these  figures  it  has  been  assumed  that  the  water  required 
has  to  be  hfted  to  a  height  of  60  feet  above  the  surface  in  each 
case.  Where,  in  addition  to  this  height,  the  depth  of  the  water 
beneath  the  surface  does  not  exceed  25  feet,  it  would  appear  from 
the  foregoing  table  that  170  gallons  an  hour  will  represent  the 
extent  of  a  man's  power,  while  two  men  may  raise  double  this 
quantity,  and  a  horse  1,000  gallons. 

With  a  depth  of  50  or  60  feet  beneath  the  surface,  a  man 
may  raise  the  water  at  the  rate  of  about  125  gallons  an  hour, 
and  a  donkey  will  raise  as  much  as  500  gallons,  a  superior 
power  having  to  be  resorted  to  as  the  rate  of  delivery  is  increased. 

With  the  water  at  a  depth  of  100  feet  from  the  surface,  a  man 
may  still  be  economically  employed  if  the  rate  of  delivery  need 
not  exceed  100  gallons  an  hour,  and  a  horse  will  be  available  for 
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quantities  between  this  and  400  or  500  gallons.  Beyond  this 
latter  rate,  however,  it  will  be  desirable  to  resort  to  steam. 

With  water  at  a  depth  of  200  feet  below  the  surface,  both 
manual  and  annual  power  will  give  way  to  mechanical  power  as 
the  more  economical. 

_  LXXL— Manual  Power.— Leaving  the  pump  itself  to  be  dealt 
with  presently,  there  is  little  to  be  said  upon  the  arrangements  by 
which  manual  power  can  be  economically  utilized.  Where  the 
depth  from  which  the  water  is  lifted  does  not  exceed  25  feet,  and 
the  quantity  of  water  used  daily  does  not  exceed  500  gallons, 
the  common  atmospheric,  i.e.,  the  suction  or  lift-pump,  with  its 
levered  handle,  is  the  best  and  cheapest.  (See  Chapter  X, 
Section  LXXVIII.) 

Where  the  quantity  to  be  raised  is  comparatively  large  and  the 
depth  considerable,  the  levered  handle  must  give  way  to  a  framed 
arrangement  of  gearing  which  can  be  worked  by  wheel  and  pinion, 
and  which  readily  allows  of  the  employment  of  either  one  or  two 
men  as  required.  Examples  of  two  different  forms  in  which  this 
arrangement  may  be  adopted  are  shown  by  Fig.  87,  and  in  a 
somewhat  larger  form  by  Fig.  88. 


There  are  also  various  other  forms  for  the  employment  of  a 
number  of  men,  as  is  frequently  the  case  in  workhouses  and 
prisons,  but  which  it  is  unnecessary  to  illustrate  here. 


LXXII. — Horse  Power.— The  gearing  necessary  for  the 
application  of  animal  (horse)  power  to  the  raising  of  water  by 
pumps  requires  but  little  explanation.  One  example  of  such 
gearing  and  its  connection  with  a  three-throw  pump  as  shown 
by  Fig.  89  will  be  sufficient.  By  means  of  different  sized  cog- 
wheels the  speed  of  the  pumps  may  be  regulated  and  the  slower 
pace  of  one  animal  compared  with  another  overcome.  The  gearing 
may  be  placed  either  directly  over  the  well  or  by  the  side  of  it  as 
in  the  illustration,  and  may  be  put  either  above  the  ground  level 
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or  below  it,  with  the  shaft  only,  to  which  the  horse  is  attached 
Raised  above  the  ground.    The  horse-power  arrangement  should 
b?  vtre  P^^^^^^^^^  ^5  to  30  feet  m  diameter,  though  a 

horse  will  walk  without  discomfort  in  a  circle  of  18  or  20  feet. 

T  XXIII  —Wind  Power.— There  is  every  reason  to  believe 
that  in  raising  underground  water  from  a  considerable  depth  the 
neglected  power  of  wind  will  come  into  more  extended  use  again 
for  large  establishments,  supplemented  as  it  always  can  be  by  steam 
or  horse-power  when  the  wind  fails.  •  Wind  was  at  one  time  very 
commonly  utilized  in  this  country.  It  gave  way  to  water  as  the 
more  certain,  and  water  in  its  turn  gave  way  to  ^team  as  the  mos 
manageable  of  all  motive  powers.  Now,  however,  that  coal  is 
expensive  and  water  is  in  demand  for  many  purposes  for  which 
steam  has  been  used,  attention  is  again,  though_  slowly,  being  paid 
to  wind,  and  the  ingenuity  of  the  engineer  is  now;  frequently 
sought  to  furnish  the  most  economical  form  of  wind  engine. 
Very  good  specimens  are  made  by  Messrs.  Owens  and  Co., 
Messrs.  Gwynne  and  Co.,  and  Messrs.  Warner. 


Fig.  90. 
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fornf  tiHr^^'^'l  ^"g'^^' its  Cheapest 

f?  '  '^t^ly'^i,.'^  ^"^^^1^  tower  as  manufactured  by  this  last  named 
hrm  ;  while  Fig.  91  illustrates  how  wind  may  be  utilized,  as  stated 
above,  either  in  conjunction  with  animal  (horse)  power,  or  with  a 
small  steam-engine  (either  the  one  or  the  other  being  worked 
instead  of  wind  as  occasion  necessitates). 

91. 


This  combination,  as  will  be  understood  by  the  illustration, 
entails  additional  outlay;  it  may  frequently,  however,  in  large 
country  dwellings,  be  worked  with  advantage,  if  motive  power  is 
required  for  other  household  purposes,  in  addition  to  the  raising 
of  water. 
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The  extreme  number  of  days  in  a  year  on  which  the  wind  might 
fWP  Sufficient  power  to  perform  the  required  duty  has  been 
stated  to  be  1  s  h^n  loo  d^ys,  but  any  estimate  to  be  of  value 
must  depend  so  much  on  local  circumstances,  that  this  must  be 

takpn  with  reservation.  ,        ,  .i.  „ 

An   absence   of  wind   would   seldom  last  more    than  a 
fortSght  at  a  time,  and  seeing  that  the  service  tank  of  any 
We  establishment,  an    indeed,  of  any  village  may  be  made  to 
old  a  Quantity  sufficient  for  a  fixed  number  of  days  or  weeks, 
an^that%"  wLdwhen  at  work  would  do  duty  during  the  night 
as  well  as  the  day,  it  may  be  fairly  assumed  that  recourse  to 
Sp;iemental  power 'would  not  be  very  frequent,  and  that  when  the 
wiSd  fails  recourse  to  horse  (animal)  power  for  a  few  hours  occa- 
sionally would  be  sufficient.  ,    i  ^    .i,^  „or.^roi 
It  must  be  granted  that  the  great  drawback  to  the  general 
adoption  of  wind  for  such  work  lies  in  the  fact  that  it  is  erratic, 
and  that  the  engine  is  subject  to  derangement  on  its  sudden 
violence. 

LXXIV  Water  Power.— The  readiest  means  that  can  be  used 

for  raising  water  from  running  streams  or  springs  is  the  water  itself. 
Where  it  exists  in  quality  sufficiently  pure  for  domestic  use,  and  m 
quantity  sufficient  to  be  used  as  a  power  at  the  same  time,  the 
hydraulic  ram  will  be  found  to  be  the  cheapest  and  best  motor, 
though  the  wheel  and  the  turbine  have  each  superior  advantages 
where  such  special  conditions  do  not  exist.  ^  • 

(i  )  The  Ram.—^\yer&  the  quantity  of  water  is  small  and  its 
quality  perfectly  pure,  and  where  the  elevation  to  which  the  water 
has  to  be  raised  is  not  too  great,  the  hydraulic  ram  commends 
itself  as  the  most  economical  of  all  water-liftmg  machines.  An 
ordinary  ram  with  a  fall,  for  instance,  of  8  feet,  and  with  a 
flow  of  water  to  it  of  38  gallons  per  minute,  will  raise  4,000 
gallons  per  diem,  from  40  to  50  feet  in  height  to  a  distance  of 
half-a-mile. 

The  principle  of  the  ram  is  different  to  that  of  any  other 
hydraulic  machine,  as  by  concentrating  into  a  small  quantity  the 
force  accumulated  by  the  motion  of  a  larger  body  the  small 
quantity  is  raised  to  the  required  height.    The  fall  to  the  ram 
should  in  no  case  exceed  20  feet,  or  repair  will  be  frequently 
needed.    As  the  hydrauHc  ram  differs  in  its  principle  of  action 
from  all  other  means  of  raising  water,  so  its  useful  effect  varies 
according  to  a  different  law.    For  instance,  when  the  height  to 
which  it  is  desired  to  lift  the  water  amounts  to  eight  times  the  fall 
which  works  it,  the  useful  effect  will  be  66  per  cent.,  but  when  the 
elevation  is  ten  times  the  fall,  the  useful  effect  will  be  reduced  to 
50  per  cent.,  while  at  twenty  times  the  fall,  the  useful  effect  will  be 
only  18  per  cent. 
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An  illustration  of  an  improved  hydraulic  ram,  combining  the 

i  ig.  92.  Here,  if  the  water  working  the  ram  is  imoure  and  nnrp 
water  is  readily  obtainable  from  a  lower  levd,  thTE  may'^^^^^ 
drawn  up  by  means  of  the  suction  pipe  C,  and  conveved  bv 
discharge  pipe  D  to  point  of  delivery.  conveyed  b> 

Fig.  92. 

A.  Supply  pipe. 

B.  Waste  valve. 

C.  Suction  pipe. 

D.  Rising  Main. 


A  ram  very  suitable  in  cases  of  isolated  dwellings  has  been 
introduced  into  this  country  from  America,  and  is  known  as  the 
Douglas  Ram.     Its  action  will  be  readily  understood  by  the 
following  reference  to  the  case  of  Lea  Hall— a  farmhouse  in 
Cheshire.    The  water  used  at  this  place  is  Hfted  from  a  stream 
which  has  been  dammed  up  so  as  to  give  a  head  or  fall  of  8  feet 
6  inches.    From  this  stream  a  volume  of  water  equal  to  about 
25  gallons  per  minute  flows  into  the  ram.    Of  this  quantity  about 
one-eighth  is  delivered  to  the  farmhouse  and  buildings,  which  lie 
at  a  height  of  50  feet  above,  and  a  distance  of  about  100  yards 
from  the  ram.    This  ram  is  stated  to  be  applicable  where  no  more 
than  18  inches  of  fall  can  be  had,  though  the  greater  the  fall, 
within  moderate  limits,  the  more  effective  will  be  the  result.    It  is 
also  stated  that  a  fall  of  10  feet  is  sufficient  to  raise  water  to  any 
elevation  under  150  feet,  and  that  in  conveying  it  to  a  distance  of 
50  or  60  yards  it  may  be  calculated  that  about  one-seventh  of  the 
water  can  be  raised  and  discharged  at  an  elevation  above  the  ram 
five  times  the  height  of  the  fall  working  it.  ^ 


ETC. 
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A  ram  performs  its  task  with  very  little  care  on  the  part  of  its 
owner,  except  to  see  that  the  water  is  strained  through  a  grating 
befo5e  passing  through  the  ram,  and  that  it  is  emptied  or  protected 

during  a  hard  frost.  i     1  • 

(2)  The  W/iet'l.—The  principle  of  the  water-wheel  is  so  well 
understood  that  it  need  only  be  referred  to  in  brief  terms  In 
doing  so,  however,  its  importance  m  the  water  supply  of  the 
dwelling  should  not  be  underrated,  for  there  are  many  institutions 
and  country  mansions  in  close  proximity  to  running  streams  the 
waters  of  which  may,  by  means  of  its  use,  be  favourably  and  inex- 
pensively employed  for  various  domestic  purposes.  Water-wheels, 
however,  for  obvious  reasons,  are  not  to  be  depended  on  m  cases 
where  the  stream  is  liable  to  frequent  floods. 

During  recent  years  the  water-wheel  has  undergone  m.any 
improvements,  and  wood  has  greatly  given  way  m  its  construction 
to  iron  and  other  metal.  The  wheel  known  as  the  overshot  wheel 
{see  Fig.  93)  gives  a  greater  power  than  any  other  form  where  the 

Fig.  93. 


fall  is  comparatively  great,  and  the  quantity  of  water  available  to 
work  it  is  small     Where,  as  will  be  the  case  in  the  majority  ot 

Fig.  94. 
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instances,  the  river  or  stream  at  command  has  but  a  slight  inclina- 
lon,  and  where  therefore  the  overshot  wheel  could  not  be  adopted 
the  undershot  wheel  will  be  found  serviceable  Fi/g4) 
Between  the  two  extremes  the  breast  wheel  may  be  turned  to 
better  account. 

Comparing  the  undershot  wheel  with  the  overshot,  the  relative 
efficiency  of  the  latter  may  be  taken  to  be  about  double  that  of 
the  former,  while  the  breast  wheel  will  yield  a  result  rather  greater 
than  the  mean  of  the  two. 

(3.)  The  Turbine.— YhQ  turbine  has  of  late  years  undergone 
many  improvements,  and  M.  Fourneyron  has  done  much  towards 
Its  present  perfection.  M.  Girard,  of  Paris,  who  unfortunately  was 
killed  at  the  last  siege  of  that  city,  also  spent  much  time  in  the 
improvement  of  the  turbine,  and  the  machines  which  have  been 
constructed  upon  his  design  are  amongst  the  best  we  have.  No 
machine,  however,  requires  more  absolute  perfection  in  its  propor- 
tions to  give  a  good  result,  and  many  that  are  sold  are  very  far 
from  being  fully  effective  owing  to  imperfect  design  or  con- 
struction. Turbines,  unlike  the  water-wheel,  are  applicable  where 
the  available  head  of  water  is  frequently  varied. 

On  a  large  scale  very  high  results  have  been  obtained,  but  for 
small  applications  70  per  cent,  only  of  the  power  expended  may 
be  considered  the  limit  of  perfection,  while  from  this  there  must  be 

Fig.  95. 
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a  further  deduction  due  to  the  pump  and  gearing  which  will 
reduce  the  product  to  50  per  cent. 

Messrs.  Gwynne,  of  Essex  Street,  Strand,  have  designed 
several  machines  in  which  they  connect  the  turbine  with  all  kinds 
of  pumping  machinery.  For  low  lifts,  say  20  feet,  they  combine 
the  turbine  with  the  centrifugal  pump.  This  arrangement  is 
suitable  for  a  low  fall,  and  from  its  simplicity  requires  but  little 
attention.  Fig.  95  shows  a  turbine  also  suitable  for  a  low  fall, 
.say  of  4  feet,  but  working  a  high  lift  pump  to  deliver  at  an 
elevation  of  50  to  100  feet  at  a  long  distance  from  the  turbine  itself. 

This,  Messrs.  Gwynne  say,  is  the  simplest  arrangement  possible, 
as  there  is  no  intermediate  gearing.  It  produces  also  an  excellent 
result.  There  are  also  various  other  forms  of  turbines  by  different 
makers,  both  suitable  for  considerable  fall,  and  working  various 
kinds  of  pumps. 

LXXV. — Steam  Power. — Steam,  unlike  wind  or  water,  used 
as  motive  power,  possesses  the  advantage  of  being  capable  of 
application  to  any  extent  at  any  time.  It  has  the  disadvantage, 
however,  of  not  only  involving  a  comparatively  heavy  first  outlay, 
but  of  requiring  the  provision  of  skilled  attendance,  and  of 
necessitating  a  constant  expenditure  in  fuel,  &c.,  though  this  latter 
item  may  in  many  cases  be  reduced  by  the  provision  of  storage 
reservoirs  or  tanks,  when  the  engine  need  only  then  be  used  two 
or  three  times  a  week.  In  all  cases  where  the  power  required 
is  great,  steam  will  form  the  most  suitable  motor,  and  many 
excellent  machines  are  now  made  which  may  be  used  either  in 
combination  with  the  ordinary  lift  and  force  pump,  or  with  the 
more  modern  centrifugal  pump. 

It  is  not  here  proposed  to  go  into  the  constructive  principles  of 
these  engines. 

In  many  large  establishments  in  rural  districts,  steam  power 
may  be  required  for  other  purposes  than  water  supply.  In  such 
cases  the  familiar  portable  engine  may  be  very  advantageously 
adopted.  It  can  be  readily  attached  to,  or  detached  from,  the 
pumping  machinery,  and  used  for  one  purpose  when  not  wanted 
for  another. 

Where  a  fixed  steam  engine  is  preferred  it  is  not  an  uncommon 
practice  to  adopt  a  vertical  arrangement  similar  to  that  shown, 
for  instance,  by  Fig.  96,  which  represents  one  of  Messrs.  Tangye's 
engines,  constructed  on  this  plan. 

Figs.  97  and  98  show  the  combined  Centrifugal  Pumping 
Engine  of  Messrs.  Gwynne.  Fig.  97  is  a  perspective  view, 
showing  a  vertical  suction  to  the  pump,  and  Fig.  98  is  an  eleva- 
tion of  the  pumping  engine  with  a  horizontal  suction  to  the  pump. 
A  is  the  case  of  the  pump  ;  B  the  suction  pipe ;  C  the  discharge 
pipe ;  D  the  steam  cylinder  driving  the  pump  direct,  without  the 

M 
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intervention  of  any  gearing  whatever ;  E  is  the  steam  pipe  con- 
nected with  the  steam  boiler ;  and  F  is  the  exhaust  pipe  from  the 
engine.    In  these  forms  they  are  best  suited  for  low  lifts. 


Fig.  97. 
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Fig.  99  represents  a  combined  horizontal  high  pressure  expan- 
sive steam  engine  and  double  action  pump,  manufactured  by 
Messrs.  Tangye. 


Fig.  99. 


LXXVI. — Gas  Power. — Gas  is  now  frequently  adopted  as  a 
motive  power  in  the  place  of  steam,  and  gas  engines  may,  although 
up  till  now  they  have  been  principally  used  for  trade  purposes,  with 
advantage  be  turned  to  account  for  raising  water  for  the  use  of 
dwellings.  Their  special  advantages  consist  in  their  requiring  but 
little  attention  when  at  work,  while  in  addition,  owing  to  the 
absence  of  boilers,  explosions  from  this  cause  are  avoided,  and,  as 
there  is  no  fire,  the  smoke  nuisance  is  rendered  impossible. 
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The  consumption  of  gas  by  these  engines  is  stated  to  be  about 
18  cubic  feet  per  indicated  horse  power  per  hour. 


Fig.  100  shows  one  of  Messrs.  Crossley's  "  Otto  Silent  Gas 
Engines,"  the  principle  of  which  is  thus  described  by  them  :— 

"  In  it  an  explosion  does  not  take  place  -in  the  ordinary 
meaning  of  the  term.  A  small  part  only  of  the  charge  is  com- 
bustible, which  on  ignition  serves  to  expand  the  remainder,  thus 
avoiding  shock  and  effecting  great  economy.  The  engine  has  also 
the  peculiarity  of  igniting  its  charge  at  the  beginning  of  the  stroke, 
leaving  the  whole  of  the  stroke  for  effective  expansion  of  the 
gases,  instead  of  merely  a  fraction,  as  in  obsolete  constructions. 

"  Every  part  of  these  engines  is  made  to  gauge,  and  is  there- 
fore easily  replaced.  The  wearing  portions  are  also  of  the  simplest 
and  most  inexpensive  patterns  ;  for  instance,  the  working  barrel  of 
the  cylinder  itself  can  be  supplied  for  about  \\  per  cent,  on  the 
first  cost  of  the  engine,  and  being  strictly  to  gauge,  can  be  put  on 
in  a  few  hours. 

"  The  pistons  are  of  great  length—of  which  the  peculiar  con- 
struction of  the  engine  readily  admits,  and  being  also  as  light  as 
possible,  ride  on  the  oil  with  the  least  degree  of  wear.  They  have 
now  run  for  years  without  repair. 

"  The  slide  valves  keep  in  excellent  condition  with  proper 
care  ;  but,  aS  far  as  possible,  to  prevent  risk  of  stoppage  even  from 
neglect,  they  are  supplied  in  duplicate  with  each  engine,  except 
with  the  -^-H.p.  size,  without  extra  charge. 

"  These  engines  will  run  with  extreme  smoothness  and  regu- 
larity of  speed,  and  have  very  few  working  parts." 

The  sizes  made  are  from  -^h.p.  to  16-H.p. 

It  appears,  therefore,  from  experience  gained  when  all  attendant 
expenses  are  taken  into  consideration,  that  gas  engines  afford  a 


Fig.  100. 
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saving  when  compared  with  small  steam  engines,  and  that  they 
will  come  more  mto  general  use  for  this  reason. 

LXXVIL— Hot  Air  Power.— Hot  air  is  now  taking  its  place 
as  a  motor  for  the  raising  of  water  for  domestic  purposes  where  a 
small  power  only  is  required.  Hot  air  engines  may  be  considered  as 
perfectly  safe,  for,  as  in  the  case  of  gas,  explosion  is  impossible  ; 
they  are  also  extremely  simple  in  their  construction,  having  neither 
valve  nor  eccentric  to  get  out  of  order,  and  like  the  gas-engine, 
they  require  no  experienced  engineer  to  look  after  them.  They 
also  possess  the  benefit  of  being  noiseless,  and  a  special  feature  in 
them  is  economy,  coke  being  used  in  the  place  of  coal. 

Figs.  loi  and  102  show  the  Rider  Hot  Air  Engine. 


Fig-  ioi-  Fig.  102. 


The  sizes  range  from  ^-h.p.  engine  to  a  2-h.p.  The  former 
will  deliver  into  an  ordinary  house  cistern  about  200  gallons  per 
hour,  while  the  last-named  size  will  deliver  at  least  1,000  gallons 
in  the  same  time. 

7'he  mode  of  working  the  engine  is  thus  described  : — ■ 
"The  compression  piston  C  first  compresses  the  cold  air  in 
the  lower  part  of  the  compression  cylinder  A  into  about  one-third 
its  normal  volume,  when,  by  the  advancing  or  upward  motion  of 
the  power  piston  D,  and  the  completion  of  the  down  stroke  of  the 
compression  piston  C,  the  air  is  transferred  from  the  compression 
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rvlinder  A  through  the  regenerator  H,  and  into  the  heater  F, 
without  appreciable  change  of  volume  The  result  is  a  greater 
ncrease  of  pressure,  corresponding  to  the  increase  of  temperature 
and  this  impels  the  power  piston  up  to  the  end  of  its  stroke.  The 
pressure  still  remaining  in  the  power  cylinder  and  re-acti_ng  on  the 
compression  piston  C,  forces  the  latter  upwards  till  it  reaches 
nearly  to  the  top  of  its  stroke,  when,  by  the  cooling  of  the  charge 
of  air  the  pressure  falls  to  its  minimum,  the  power  piston 
descends,  and  the  compression  again  begins.  In  the  mearitime 
the  heated  air,  in  passing  through  the  regenerator,  has  left  the 
greater  portion  of  its  heat  in  the  regenerator  plates,  to  be  picked 
up  and  utiHzed  on  the  return  of  the  air  towards  the  heater,  ihis 
process  recurs  at  each  revolution.  _ 

"  The  same  air  is  used  continuously,  as  there  is  neither  intlux 
nor  escape,  the  air  being  merely  shifted  from  one  cylinder  to 

another,  r       v     ^-u  • 

"  E  represents  a  water  jacket  for  the  purpose  of  cooling  the  air 

more  effectually.  •    ,    v       r  u 

"  KK  are  the  leather  packings,  which  are  in  duplicate  for  each 
pluncrer.  The  lower  one  has  its  lap  downwards  to  resist  the 
escape  of  air  below  the  piston,  while  the  upper  one  has  its  lap 
upwards  to  prevent  the  lubricating  material  from  entering  too 
freely  into  the  cylinders. 

"  Between  them  is  the  relief  ring,  which  is  so  constructed  as  to 
almost  entirely  relieve  the  friction  of  the  packings. 

"  L  is  a  simple  check  valve  which  supplies  any  slight  leakage  of 
air  which  may  occur.  It  is  generally  placed  at  the  back  of  the 
engine,  at  the  lower  part  of  the  compression  cylinder,  but  is 
necessarily  shown  in  the  sectional  cut  on  the  side. 

"When  the  engine  is  in  perfect  working  order  the  check  or 
'  suck  in '  valve  L  will  only  work  for  a  few  revolutions  on  starting 
the  engine.  Should  the  engine  be  found  to  draw  in  air  con- 
tinuously through  this  valve,  it  is  a  sure  indication  of  leakage 
somewhere  which  should  be  stopped,  otherwise  a  great  loss  of 
power  will  result. 

It  should  be  borne  in  mind  that  in  frosty  weather  all  the  water 
should  be  drawn  off  from  the  cooler  E  and  pipes  to  prevent  their 
being  burst  by  the  frost." 
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CHAPTER  X. 

The  pumps  most  suitable  for  the  raising  of  water  for  the  supply 
of  dwelHngs  from  wells  and  tanks  may  be  classified  as  follows  : 
(i)  the  atmospheric  or  common  suction  pump  ;  (2)  the  lift  and 
force  pump  in  its  various  forms ;  and  (3)  the  centrifugal  pump. 
Cham  pumps  (Norias)  are  only  occasionally  applicable. 

LXXVIII. — Atmospheric  or  Common  Suction  Pump. — In 
practice  it  has  been  found  that  a  depth  of  28  feet  is  the  limit  from 
which  water  can  be  favourably  drawn  by  this  first  class  of  pumps. 

Fig.  103  shows  a  small  suction  pump  made  by  Messrs.  Tangye, 
and  called  their  cottage  pump,  which  is  very  suitable  for  erection 
within  the  dwelling  itself,  and  can  be  placed  over  sinks  and  other 


Fig.  103. 
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places  where  space  and  height  are  special  objects  ;  while  Fig.  104 
shows  partly  in  elevation  and  partly  in  section,  one  of  Warners 
anti-freezing  suction  hand  pumps,  which  can  be  erected  out  ot 
doors  for  raising  water  from  this  limited  depth. 


Fig.  104. 


LXXIX. — Lift  and  Force  Pump. — Wherever  the  limit  of  28 
feet  is  exceeded,  or  where  it  is  necessary  to  raise  the  water  to  any 
height  above  the  surface  of  the  ground,  upward  forcing  power  must 
be  resorted  to.  In  deep  wells  an  arrangement  is  often  adopted  by 
which  the  water  is  forced  up  the  rising  main  by  the  down  stroke  of 
the  piston,  but  for  ordinary  purposes  the  suction  power  of  the  lift 
pump  is  combined  as  far  as  possible  with  the  forcing  power 
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which  may  be  gained  by  the  upstroke  of  the  piston  or  bucket 
1  hese  pumps  are  known  as  lift  and  force  pumps.    Fig.  105  shows 


Fig.  105. 


Holman's  double  action  lift  and  force  pump,  which  is  very  com- 
pact, occupying,  as  compared  with  others,  very  little  space.  It 
may  be  usefully  erected  within  the  dwelling  for  the  supply  of 
cisterns.  It  will  be  noticed  from  the  illustration  that  the  two 
ends  of  the  cylinder  can  be  easily  taken  off,  and  the  suction  valves 
examined  and  repaired.  By  the  double  action  of  the  pistons, 
which  force  the  water  alternately,  a  constant  delivery  is  kept  up. 
From  the  small  amount  of  labour  this  pump  entails,  and  from  its 
durability,  it  will  be  found  very  applicable  for  domestic  use. 

By  Fig.  106  is  shown  one  of  Warner's  lift  and  force  pumps  for 
yards  and  offices. 
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Fig.  107  shows  how  the  Hft  and  force  pump,  though  still  of  a 
size  suitable  for  hand-power,  may  be  fixed  and  worked  for  the 
supply  of  water  from  deep  wells.  The  barrel  of  the  pump  will 
generally  be  fixed  near  the  surface  of  the  water,  the  depth  between 
the  barrel  and  the  water  in  the  well  representing  the  suction,  and 
that  above  the  forcing  action  of  the  pump.  Ail  other  barrel  pumps 
are  modifications  of  the  lift  and  force  pumps  in  some  way  or 
other.  They  are  arranged  on  a  single  or  multiform  principle  by 
different  arrangements  of  valves  or  pistons  ; — by  double  barrels 
{see  Fig,  88,  Section  LXXI)  or  treble  barrels  (as  illustrated  by 
Fig.  89,  Section  LXXII,  and  Fig.  96,  Section  LXXV). 
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Front  and  side  elevations  of  one  of  Warner's  pumps  with  three 
barrels,  or,  as  it  is  termed,  a  three-throw  pump,  are  shown  by 
Figs.  108  and  109. 


Fig.  108.  Fig.  109. 


The  different  modifications  give  to  pumps  different  names. 
They  are  sometimes  called  bucket  pumps,  ram  and  plunger  pumps, 
and  sometimes  soHd  piston  pumps. 
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A  continuous  stream  is  very  effectually  secured  by  pumps 
worked  m  sets  of  three,  and  in  those  known  as  plunger  and  bucket 
pumps,  which  act  both  in  the  up  and  down  stroke. 

In  fixing  force  pumps  in  situations  where  the  rising  main  is  of 
any  length,  an  air  vessel  should  be  provided,  in  order  to  relieve 
the  pipe  from  strain,  and  to  insure  a  continuous  discharge  of 
water  {see  the  last  illustration). 

When  hand-power  is  employed  the  single  barrelled  pump 
worked  by  levered  handle,  or  the  doubled  barrelled  pump  worked 
by  frame  and  crank,  may  be  adopted,  but  with  horse  or  steam 
power  as  the  motor,  the  treble  barrelled  pump  is  to  be  preferred. 

In  shallow  wells  the  internal  diameter  of  the  suction  and  force 
pipe  should  never  be  less  than  two-thirds  of  the  internal  diameter 
of  the  barrel  of  the  pump,  and  in  deep  wells  the  suction  and  force 
pipe  should  each  be  of  the  same  size  as  the  barrel. 

In  all  wells— especially  in  deep  wells — it  is  desirable  that  the 
pump  work  should  be  fitted  with  great  care  and  strength. 

LXXX.— Centrifugal  Pump. — This  pump  is  now  coming 
more  and  more  into  use.  Its  name  explains  its  action ;  it  is  very 
compact,  and  is  easily  connected  to  the  ordinary  rotative  steam 
engine  by  a  driving  belt.  These  pumps  are  only  applicable 
to  lifts  of  20  feet.  The  centrifugal  pumps  made  by  Messrs. 
Gwynne,  and  which  have  been  previously  referred  to  in  this 
work,  are  shown  by  Figs,  no,  in,  and  112. 


Fig.  no  is  a  perspective  view,  Fig.  in  is  a  side  elevation, 
and  Fig.  112  is  an  end  elevation  of  the  pump.  In  the  last  figure, 
S  is  the  body  or  case ;  CC  the  side  cylinders  or  water  passages 
communicating  with  the  revolving  wheel  or  disc,  and  DD  the 
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suction  pipes  on  each  side  of  the  case,  which  unite  together  on  or 
below  the  bed  plate  G,  in  one  pipe  B.     This  is  considered  an 


Fig.  112. 


important  feature  in  the  arrangement,  as  the  machine  is  rendered 
extremely  compact.  In  one  of  the  cylinder  covers  or  ends,  there 
is  a  bearing  supporting  the  spindle  on  which  the  wheel  is  fixed ;  in 
the  other  cyUnder  or  cover  there  is  a  gland  and  a  stuffing  box  E, 
through  which  the  shaft  of  the  revolving  wheel  passes.  Q  is  a 
standard  supporting  the  shaft.  F  is  the  pulley  by  which  motion  is 
communicated  to  the  pump  from  any  prime  mover.  A  is  the 
discharge  pipe,  which  may  be  carried  upwards  to  the  required 
elevation.  The  suction  pipe  B  may,  if  desired,  be  run  any 
moderate  length  horizontally,  and  the  pump  may  be  placed  15  to 
20  feet  vertically  above  the  water  to  be  raised.  A  foot  valve  is 
placed  at  the  bottom  of  the  suction  pipe. 

The  action  of  the  pump  may  shortly  be  stated  to  be  as 
follows  : — The  pump  case  and  pipes  being  filled  with  water,  the 
wheel  or  disc  is  caused  to  rotate,  and  by  the  centrifugal  motion 
thus  given  to  the  water  contained  in  the  disc,  it  is  driven  out  into 
the  case  or  receiver  of  the'  pump.  The  partial  vacuum  thus 
formed  in  the  disc  is  filled  by  the  water  forced  up  the  suction 
pipe  by  the  pressure  of  the  atmosphere;  in  entering  the  disc, 
centrifugal  motion  is  communicated  to  the  water  by  the  revolving 
disc,  and  thus  a  continuous  stream  is  received  into  and  discharged 
from  the  pump.  To  prevent  the  water  from  rotating  in  the  case, 
and  to  give  it  a  direction  upwards  to  the  discharge  pipe,  a  stop  or 
plate  is  placed  at  the  base  of  the  discharge  pipe,  reaching  to  the 
joint  between  the  piston  and  the  case.  Another  form  in  which 
the  centrifugal  pump  is  introduced  is  that  of  a  horizontal  fan 
fixed  at  the  bottom  of  the  pump  well,  and  working  on  a  vertical 
spindle.  This  form  is  suitable  for  higher  lifts,  and  is  hardly 
apphcable  to  any  class  of  dwelling. 
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LXXXL— Chain-Pumps  :  Norias.— In  addition  to  the 
foregoing  there  are  the  pumps  known  as  chain  pumps,  consisting 
of  an  endless  chain  having  buckets,  which  revolve  with  the  chain 
and  discharge  their  contents  on  each  revolution,  attached  at  short 
mtervals.  These  pumps  are,  however,  hardly  suitable  for  the 
raising  of  water  for  domestic  use  in  dwellings.  The  same  remark 
applies  also  to  various  other  machines  which  are  occasionally  used 
for  the  raising  of  water  under  different  conditions,  some  of  them 
being  of  ancient  origin,  such  as  the  old  noria— which  is  not  unlike 
the  modern  chain  pump — or  the  screw  or  spiral  pump,  which  may 
be  used  for  special  purposes.  It  should  be  added  that  when  a 
well  is  completed,  and  the  pumps  and  engine  fixed,  the  care  of 
the  works  is  a  matter  of  much  more  importance  than  owners 
generally  suppose.  Periodical  visits  to  the  pumps  for  the  purpose 
of  ascertaining  their  cqndition  are  necessary,  and  their  parts  must 
always  be  kept  in  proper  working  order.  To  do  this  iron  ladders 
should  be  fixed  to  give  access  into  the  well. 
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CHAPTER  XI. 

LXXXII. — Underground  Storage  Tanks. — The  storage  of 
water  in  reservoirs  or  underground  tanks  for  the  supply  of  private 
dwelHngs  is  an  object  requiring  much  care  and  attention  in 
details.  If  it  is  determined  to  collect  surface  waters  it  will  be 
necessary  to  have  proper  and  ample  storage  room  to  meet  any 
droughts  that  may  occur,  and  to  associate  with  it  proper  filtering 
arrangements.  A  provision  for  the  consumption  of  120  days  may 
be  taken  as  a  safe  one,  even  in  the  driest  parts  of  England. 

The  cost  of  making  underground  tanks  which  must  be  per- 
fectly water-tight,  so  as  not  only  to  prevent  the  escape  of  that  which 
is  stored,  but  also  to  preserve  the  stored  water  from  the  influx  of 
polluting  "  ground  water,"  will  vary  extremely. 

In  certain  situations,  where  the  subsoil  is  of  such  a  character 
as  to  allow  of  the  space  which  the  tanks  are  to  occupy  being  cut 
out  of  the  ground  in  the  precise  shape  and  size  the  proposed  tanks 
are  to  be  made— and  this  can  be  done  in  the  chalk,  and  the  new 
red  sandstone  formations  with  remarkable  exactitude— it  has 
been  found  necessary  only  to  face  the  surfaces  of  the  excavation 
with  a  rendering  of  cement  to  make  them  water-tight,  and  then  to 
cover  them  with  a  roof  of  brickwork  springing  from  shoulders  of 
concrete  or  resting  on  iron  girders.  These  have  been  constructed 
under  favourable  circumstances  at  the  low  cost  of  from  ^os.  to  40^- 
per  1,000  gallons. 

The  increasing  experience  which  we  are  now  gaining  in  the 
use  of  concrete,  facilitates  the  construction  of  tanks  in  soils  not 
naturally  so  favourable  -as  those  which  I  have  just  referred  to  at 
a  cost  much  less  than  formerly,  if  proper  care  is  taken  in  the 
selection  and  mixmg  of  the  ingredients,  and  in  the  washing  out  of 
any  earthy  matter.    Portland  cement  is  found  to  be  better  than 
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the  best  lime,  though  concrete,  consisting  of  one  part  of  blue  lias 
hme,  and  six  parts  of  gravel  and  sand— or  of  the  proportions 
which  are  favoured  in  France,  consisting  of  two  parts  of  broken 
stone  to  one  of  mortar,  the  latter  being  composed  of  three  parts 
of  hme  to  five  of  sand,— with  an  inside  rendering  of  Portland 
cement  and  sand  in  equal  proportions,  will  form  a  tank  of 
unexceptional  character.  The  thickness  of  concrete  will  depend 
upon  the  soil  in  which  the  tank  is  constructed.  If  it  be  of  a 
slipping  character  the  thickness  must  be  increased. 

In  some  cases  it  will  be  found  desirable,  instead  of  "  render- 
ing "  the  inside  with  cement  only,  to  line  the  concrete  with  4^-inch 
brickwork,  laid  in  cement  and  well  grouted  with  a  parting  or  joint 
of  the  same  material  between  the  brickwork  and  the  concrete. 

Where  the  tanks  are  of  large  dimensions,  it  will  be  necessary 
to  support  the  roof  with  brick  piers  and  buttresses,  and  construct 
the  roofs  of  brick  or  concrete.  The  cost  of  these  tanks  will  vary 
from  ;;^5  to  ^7  per  1,000  gallons.  A  tank  16  feet  by  i2|  feet, 
and  8  feet  deep,  will  hold  more  than  sufficient  to  supply  five 
persons  with  15  gallons  of  water  for  120  days,  after  allowing  for 
evaporation,  while  a  tank  16  feet  square,  and  12  feet  deep  will 
hold  more  than  sufficient  to  supply  10  persons  with  15  gallons  for 
120  days.  In  the  one  case  the  storage  space  will  be  9,600 
gallons,  and  in  the  other  19,200. 

It  may  be  useful  to  remember  that  a  rectangular  space  16  feet 
by  10  feet  holds  1,000  gallons  in  every  foot  of  depth  and  that  a 
circular  one  14^  in  diameter  holds  about  the  same  number  of 
gallons, 

LXXXIII. — Cisterns  for  Service  within  the  Dwelling. 
—  It  is  very  unsatisfactory  to  be  obliged  to  acknowledge  that  after 
obtaining  water  of  a  potable  character  from  river,  spring,  or  well, 
or  after  conserving  it  in  tanks,  it  may  lose  its  good  qualities  in 
the  service-cistern  into  which  it  may  be  raised  for  household 
supply  ;  but  this  is  found  to-be  the  case  in  very  many  instances. 

We  have  now  been  led  by  chemical  analysis  to  look  upon 
water  as  perhaps  the  most  dangerous  substance  upon  which 
human  beings  have  to  depend  for  life  and  health  ;  and,  at  the 
same  time,  to  admit  that,  although  we  may  obtain  what  is  pure  at 
its  original  source,  and  convey  it  in  that  condition  to  the  dwelling, 
it  may  soon  become  defiled  by  the  vapours,  gases,  and  dust  which 
]:)ervade  the  atmosphere  surrounding  cisterns,  or  by  the  filthy  con- 
dition of  the  cisterns  themselves,  or  by  the  injurious  character  of 
the  pipes  by  which  the  water  is  distributed  for  use.  There  is  no 
doubt  whatever  that  water  is  often  most  injuriously  affected  by 
foul  cisterns  and  foul  pipes.  Nevertheless,  there  are  but  few 
exceptions  in  which  isolated  dwellings,  beyond  the  reach  of  a  public 
supply,  can  exist  without  cisterns,  while  there  are  many  in  which 
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the  disgusting  practice  of  placing  them  in  or  near  attics  which  are 
used  as  sleeping  apartments  prevails.  In  fact,  in  many  of  the 
largest  houses  in  the  country  this  condition  of  things  will  be  found, 
to  be  the  case. 

Cisterns  should  always  be  placed  in  separate  but  readily 
accessible  places,  well  protected  from  frost  and  changes  of  tem- 
perature, by  being  encased  in  non-conducting  substances,  and 
never  erected  over  any  of  the  better  rooms  (a  necessary  pre- 
caution in  case  of  accident).  The  waste  or  overflow  should 
invariably  be  disconnected  from  the  house  sewer,  or'  any  of  its 
branches.  No  cistern  should  be  allowed  to  remain  for  twelve 
months  without  being  thoroughly  cleansed. 

The  best  of  all  cisterns  are  those  made  of  slate,  enamelled 
inside,  or  of  earthenware,  and  those  that  are  constructed  of  wrought 
iron,  properly  painted.  Lead  and  zinc  for  the  linings  of  cisterns 
are  both  decidedly  objectionable,  though  I  believe  that  lead  is 
often  condemned,  when  the  evil  complained  of  is  due  rather  to  the 
eifect  of  certam  impure  water  upon  lead  than  to  any  general'  effect 
of  lead  upon  pure  water.  It  appears  to  me  exceedingly  doubtful 
whether  pure  water  has  the  effect  so  often  imputed  to  it,  of 
quickly  oxidizing  lead. 

Captain  Douglas  Galton,  in  his  work  Healthy  Dwellings, 
says  on  the  subject  of  lead  cisterns  :  "  The  action  of  water  on  lead 
appears  to  depend  on  the  quantity  of  oxygen  and  carbonic  acid. 
When  there  is  a  large  quantity  of  oxygen,  the  lead  is  rapidly 
oxydized,  and  the  oxide  of  lead  is  to  a  certain  extent  soluble  in 
pure  water  ;  but  if  the  water  contains  a  sufficient  quantity  of 
carbonic  acid  to  convert  the  oxide  into  carbonate  of  lead,  which  is 
only  slightly  soluble,  the  water  will  be  comparatively  safe  from 
dangerous  contamination.  *  *  *  *  But  in  point  of  fact  the  con- 
ditions under  which  water  acts  on  lead  are  so  intricate,  that  it  is 
preferable  where  any  doubt  exists  to  avoid  such  water  for 
domestic  purposes,  if  possible  ;  or  if  no  other  supply  is  available 
to  use  iron  or  earthenware  pipes  for  its  conveyance,  and  slate  or 
earthenware  cisterns  for  its  storage." 

_  Where  the  whole  of  the  water  is  raised  to  one  service  cistern 
m  the  upper  part  of  the  dwelling,  special  arrangements  should  be 
made  as  stated  in  Chapter  V,  for  the  supply  of  water-closets  and 
sculleries  by  separate  subordinate  cisterns,  so  that  the  water 
required  in  either  a  water-closet  or  a  scullery  may  be  drawn 
without  any  direct  communication  with  the  main  service  cistern 
To  remove  any  defilements  a  filter  should  be  connected  with  all 
service  cisterns  through  which  the  tvhole  supply  of  the  dwellina 
should  pass  as  required  for  use,  for,  the  sideboard  and  table  filters 
now  so  commonly  seen,  which  only  partially  deal  with  the  water 
consurned  m  dwellings,  should  be  discontinued  in  favour  of 
general  house  filtration,  inasmuch  as  they  are  deceptive  objects 
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which  householders  too  frequently  rely  upon  to  correct  the 
impurity  acquired  in  cisterns. 

LXXXIV. — Domestic  Filtration.— In  any  arrangement  for 
the  supply  of  water  to  dwellings  domestic  filtration  should  be 
included,  although  _  the  Rivers  Pollution  Commissioners  have 
stated — and  in  their  statement  I  concur — that,  as  it  is  usually 
practised,  it  is  of  litde  or  no  use.  They  state,  however,  that  if 
domestic  filtration  is  properly  performed  it  is  much  more  eflicient 
in  purifying  water  polluted  by  organic  matters  than  that  practised 
on  a  large  scale  by  the  water  companies — usually  through  sand — 
and  I  would  add  that  where  house  filtration  is  carefully  performed 
it  is  quite  unnecessary  to  resort  to  the  boiling  of  water  as  a  means 
of  correcting  impurity. 

Rain  water  collected  from  impervious  surfaces,  as  shown  in  a 
previous  chapter,  is  in  itself  so  free  from  pollution  that  it  requires 
filtration  only  to  protect  the  consumer  against  the  accidental 
defilements  of  smoke  and  other  floating  organic  impurities  which 
collect  on  such  surfaces.  It  is  in  the  house  cisterns  spoken  of  in  the 
last  section  that  water,  whether  rain  or  spring  water,  undergoes  the 
defilement  which  filtration  may  successfully  rectify.  No  water, 
which  is  radically  impure,  can  be  made  chemically  potable  by 
filtration  of  any  kind.  Substances  in  suspension  may  of  course  be 
extracted  by  mechanical  straining,  whilst  those  in  solution  of  an 
organic  character  may  be  oxidized  by  passing  through  aerated 
material,  by  which  those  matters  are  rendered  imputrescible  by 
contact  with  the  oxygen  of  the  air  in  the  pores  of  the  filtering 
material.  The  organic  substances,  in  fact,  as  shown  by  Dr.  Frank- 
land,  are  burned  with  oxygen  and  decomposed,  their  nitrogen 
being  turned  into  nitric  acid,  and  their  carbon  into  carbonic  acid. 
Much  more  depends  on  the  aeration  of  the  material  which  should 
be  kept  perfectly  clean  than  on  the  character  of  the  material  itself. 
Animal  charcoal  has  been  recommended  in  consequence  of  the 
very  large  surface  it  contains  within  itself,  and  which  is  due  to  its 
porosity  ;  and  where  frequently  renewed  and  intermittently  aerated 
this  material  possesses  the  best  qualities ;  when  constantly  under 
water  its  valuable  properties  are  partially  lost,  and  it  becomes  like 
other  materials,  a  bed  for  rearing  living  organisms,  which  for  the- 
reasons  already  stated  is  not  the  case  with  the  same  material 
alternately  wet  and  dry.  Spongy  iron  must  necessarily  be  under 
water  to  prevent  that  corrosion  which  would  frustrate  its  special 
capabilities,  which  have  been  so  highly  commended  by  some 
chemists. 

Aerated  Filters. — It  has  been  the  pre-eminent  purifying  value 
of  filtering  material  intennittenily  aerated  that  has  led  to  the  adop- 
tion of  the  Self-Supplying  Oxidizing  Aerating  Filter,  see  Fig.  113. 

This  filter  is  made  and  sold  by  Doulton  and  Co.,  of  Lambeth, 
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A.  Filter. 

h.  Receiver  of  filtered  water  made  to  any  size,  in  slate  or  other  material. 
C.  Ball  valve  for  supplying  filter. 
]).  Filtering  material. 

E.  Regulating  valve  for  preventing  the  admission  of  water  at  a  greater  rate  than  it  will 
filter. 

ill  various  sizes  so  as  to  serve  for  small  as  well  as  large  establish- 
ments.* It  should  be  placed  below  the  service  cistern  in  some 
accessible  spot  which  will  allow  of  the  material  being  kept  clean. 

Its  adoption  possesses  the  following  advantages.  All  water 
used  for  cooking  as  well  as  drinking  can  be  passed  through  it,  for,  as 
will  be  readily  understood  by  reference  to  the  illustration,  as  filtered 
water  is  withdrawn  from  the  lower  storage  receptacle,  an  equal 
quantity  is  admitted  into  the  filtering  vessel  above  from  the  general 
service  cistern.  By  the  perfect  aeration  of  the  filtering  materials 
all  organic  matters  absorbed  by  the  water  when  in  the  house 
cistern  become  oxidized  and  rendered  harmless.    As  the  water 


*  Professor  Corfield,  having  had  his  attention  called  to  this  filter,  which 
was  patented  in  1876,  states  in  his  Lectures  on  Health  in  1880,  that  "there  is 
a  filter,  the  construction  of  which  is  novel.  It  is  called  the  rter^^w^f  filter," 
though  from  the  context  of  his  remarks  it  would  appear  that  he  might  be 
referring  to  some  other  invention  unknown  to  the  writer.  • 
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passes  automatically  through  the  filtering  material,  air  follows  it 
and  takes  its  place.  It  is  this  alternate  substitution  of  air  for 
water,  and  water  for  air,  that  ensures  purification.  No  neglect  on 
the  part  of  servants  can  prevent  this  automatic  action. 

1  he  filtering  material  can  be  at  any  time  readily  cleansed,  and 
as  there  is  no  special  patent  for  the  material  used,  it  is  left  to  the 
purchaser  to  substitute  any  particular  material  that  he  may  wish 
for  in  the  place  of  that  sent  with  the  filter.  For  efficient  filtration 
the  material,  of  whatever  kind  it  may  be,  should  be  cleansed 
or  renewed  at  least  twice  a  year.    With  doubtful  water  oftener. 

This  scheme  of  filtration  (as  in  the  case  with  any  other  which 
derives  its  supply  from  a  storage  tank)  may  be  prefaced  by 
another  filter  which  is  placed  in  the  underground  storage  tank 
Itself,  and  appended  to  the  bottom  of  the  suction  pipe  of  the 
house  pump.  This  filter,  which  was  invented  and  termed  the 
Nosebag  Filter  "  by  the  author,  extracts  from  the  water  before 
It  is  lifted  any  solid  matter  which  may  be  in  suspension,  and 
effectually  clarifies  the  supply.  The  filtering  material  used  under 
general  circumstances  may  be  sand  and  potsherds,  -  the  latter 
coarser  material  being  placed  at  the  bottom,  so  as  to  prevent  the 
finer  from  being  drawn  up  through  the  suction  pipe.  This  filter 
should  be  cleansed  out  once  a  year  at  least.  Many  of  the  small 
kinds  of  table  filters  now  in  use  are  stated  by  the  trade  to  possess 
the  benefits  resulting  from  aeration,  but  inasmuch  as  they  are  not 
automatically  supplied,  perfect  and  systematic  aeration  is  impossible. 

Non-Aerated  Filters. — These  filters  have  necessarily  their  filter- 
ing material  constantly  under  the  water,  and  amongst  the  first  of 
them  should  be  noticed  the  "  Danchell  Cistern  Filter,"  as  shown . 
by  Fig.  114. 

Y\G.  114. 


Its  object  and  use  are  nearly  the  same  as  the  Nosebag  Filter 
just  described,  the  difference  being  that  the  latter  is  used  in  the 
underground  tank,  while  the  former  is  placed  in  the  service 
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cistern  itself  witliin  the  dwelling.  The  material  employed  to 
perfect  purification  is  animal  charcoal,  the  vessel  containing  it 
being  so  arranged  that  the  water  passes  from  the  bottom  upwards 
and  is  drawn  off  from  the  top.  The  following  analysis  in  parts 
per  100,000  has  been  supplied  by  the  London  and  General 
Water  Purifying  Company,  who  own  the  patent  and  sell  the 
filter  :— 


Sample  of  water  analysed. 

Total  solid 
impurities. 

Organic 
Carbon. 

Organic 
Nitrogen. 

Ammonia. 

Water  before  filtration 
Water  after  filtration  

30  "go 
15  "35 

•104 
•07 

*OOI 

Nil. 

•CIS 
•003 

The  two  opposite  kinds  of  filters,  the  Self-Supplying  Oxidizing 
Filter  and  Danchell's  Cistern  Filter,  should  serve  to  broadly 
classify  domestic  filtration,  which  must  necessarily  have  an  aerated 
or  non-aerated  material  for  its  purpose. 

Among  the  first  of  the  numerous  filters  in  existence  claiming 
special  qualities,  the  silicated  carbon,  main  supply,  filter  {see  Figs. 
115  and  116),  should  be  noticed,  Professor  Wanklyn  having 
declared  that  it  will  render  river  water  containing  a  considerable 
amount  of  free  and  albuinenoid  ammonia  as  pure  as  deep  spring 
water. 


Fig.  115. 
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nrsJ^'l  ^'i^'*  -'^  constructed  in  the  form  of  a  cylinder  of  stout 

o?  sS?ca^"d  oTho  "^'rr^'  ^^^"^  ^"^^  ^l^b^  or  plate 
slab  be      fi?Wi    ^fT''^'^  1^^^^^^^"  the 

Slabs  being  filled  with  the  same  material  in  a  granular  form. 

left  the  rif/:  p^""'^'^.  '^'^  ^^^vice  pipe  after  it  has 

left  the^  cistern  (see  Pig.  115)  or  to  the  cistern  itself  as  shown  by 

Fig.  116. 


CtEANlNC  TA? 


OUTLET 


In  either  case  it  is  declared  to  effect  the  perfect  filtration  of 
the  whole  water  supply  of  a  dwelling,  and  thus  aims  at  the  same 
effect  without  aeration,  as  is  undoubtedly  gained  by  intermittent 
aeration.  The  cleansing  of  this  filter  is  effected  by  simply  closing 
the  outlet  and  allowing  the  water  to  pass  freely  through  the 
cleansing  tap.  This  mode  of  filtration  is  said  not  only  to 
remove  organic  impurities,  but  to  render  lead  poisoning  by  water 
impossible,  because,  the  makers  state,  "it  alters  the  chemical 
character  of  any  salt  of  lead  which  may  exist  in  water  and  pro- 
duces a  compound  which  is  insoluble." 

A  filter  of  Messrs.  Atkins  is  shown  by  Figs.  117  and  118. 

"Fig.  117. 


The  filtration  is  effected  through  animal  charcoal,  in  a  block  form, 
{see  Fig.  117)  placed  in  cisterns  as  shown  in  Fig.  118.  The  size  of 
cistern  and  number  of  cylinders  are  governed  by  the  quantity  of 
water  to  be  used  in  the  dwelling.  They  may  be  increased  as 
found  necessary.  Through  the  centre  of  each  cylinder  and  block 
of  carbon  is  a  tube  by  which  the  filtered  water  passes  out  for  use. 

The  next  illustration  to  be  given  is  the  "  Spongy  Iron  Filter," 
as  shown  by  Fig.  119.  The  filtering  material  used  in  this  filter 
is  that  from  which  its  name  is  taken — spongy  (metallic)  iron, 
which  has  been  reduced  from  an  oxide  without  fusion,  and  which 
is  therefore  in  a  spongy,  porous  condition,  of  extremely  fine 
divisions,  weighing  about  100  to  110  lbs.  per  cubic  foot.  The 
following  example  (taken  from  the  Weekly  Report  of  the  Regis- 
trar-General) of  the  efficiency  of  this  filter  has  been  given  me  by 
the  company  who  now  possess  the  patent  and  supply  the  filter  to 
purchasers.  The  figures  given  represent  the  constituents  of  the 
water  in  parts  per  100,000. 


Sample  of  water  analysed. 

Total  solid 
impurities. 

Organic 
Carbon. 

Organic 
Nitrogen. 

Ammonia. 

Water  before  filtration 
Water  after  filtration  

32-46 
19-84 

■139 
•028 

•041 
•013 

"002 
•130 

Maignen's  "  Filtre  Rapide  "  is  another  specimen  of  filter  which 
is  finding  favour  with  the  public.    In  this  filter,  the  casing  of 
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sizes\l?j^^;?'''''''"^T  block  tin  in  the  larger 

sues  the  filtering  material  used  is  animal  charcoal  reduced  to  an 
impalpable  powder,  purified  and  made  to  contain  in  pores  a 
IZtiT  '^^^^  combination  is  said  to  be  most 

Sited  i,rn".?'"V'''''  It  is 

is    ed  on    frn.  """"Z  '  ^^'^'""g         °f  asbestos  which 

IS  tiea  on  a  frame  and  inserted  in  the  case. 


.U.  Unfiltered  Water. 
D.  Spongy  Iron. 
A,  B,  C.  Prepared  Sand 
G.  Regulator  Opening. 
F.  Filtered  Water. 
T.  Stop  Cock. 
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In  its  small  size  this  filter  is  very  useful,  for  no  more  water 
need  be  put  into  it  than  is  required  for  use  at  one  time,  and  thus 
aeration  of  the  filtering  material  may  be  secured.  It  is  also  easy 
with  this  small  size  to  clean  the  asbestos  cloth,  and  re-supply  the 

The  filter  made  and  sold  by  Lipscomb,  of  the  Strand,  has  been 
for  a  long  time  in  use.  It  is,  however,  subject  to  the  same  draw- 
backs as  other  table  filters— that  it  is  left  in  the  hands  of  domestics 
to  keep  replenished.  In  addition,  the  filtering  material  of  this 
filter  is  cemented  down,  thus  rendering  inspection  and  necessary 
cleansing  a  matter  of  impossibility.  In  conclusion,  it  may  be  said 
of  domestic  filtration  that  periodical  inspection  and  frequent 
cleansing  of  the  material  used  is  a  sme  qua  non;  or  the  filtermg 
material  may,  by  the  retention  of  polluting  matter,  actually  com- 
municate defilement  instead  of  remove  it. 
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CHAPTER  XIL 

m  T^wn^^'T;^^^^'''  Constant  Service  for  Dwellings 
IN  AowNS.-It  IS  now  generally  conceded  from  a  sanitary  point 

servkTat  hth  ''"''"^^^^  of  water  from  a  public  supply  by  co'nS 
service  at  high  pressure  is  an  object  which  should  be  aimed  at  where 
practicable.  By  the  term  "  constant  service,"  I  do  not  mean  a 
supply  which  IS  so  curtailed  by  pea  or  pin  ferrule  as  to  be  a  mere 
diibble  ;  but  a  sufficient  delivery  of  water  for  all  purposes  and  at 
all  times  to  meet  every  reasonable  requirement  immediately  it 
arises,  the  water  being  drawn  direct  from  the  main  without  the 
interposition  of  any  service  cistern  or  storage  tank,  which,  as 
already  said,  is  more  frequendy  than  anything  else  the  cause  of 
pollution  in  domestic  water  supply. 

So  general  is  the  concurrence  expressed  by  all  persons  uncon- 
nected with  water  companies  in  the  advantages  of  avoiding  house 
cisterns,  that  it  is  scarcely  necessary  to  refer  to  the  opinions  of 
any  one,  however  high  he  may  be  as  a  sanitary  authority,  in 
support  of  the  same  view.  I  will,  however,  give  a  few  sentences 
from  evidence  given  by  Mr.  Simon.  He  said:  "I  consider 
the  system  of  intermittent  water  supply  to  be  radically  bad,  not 
only  because  it  is  a  system  of  stint  in  what  ought  to  be  lavishly 
bestowed,  but  also  because  of  the  necessity  which  it  creates  that 
large  and  extensive  receptacles  should  be  provided,  and  because 
of  the  liability  to  contamination  incurred  by  water  which  has 

to  be  retained  often  during  a  considerable  period."  

"  The  long  retention  of  water  in  leaden  cisterns  impairs  its  fitness 
for  drinking,"  .  .  .  .  "  On  the   extreme  inconvenience  which 
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attends  the  storage  of  water  in  the  poorer  habitations  of  the  city 
I  have  already  reported  to  you,  and  will  now  only  add  that 
increased  experience  has  given  much  confirmation  to  my  view. 
These  receptacles  are  generally  such  as  contribute  to  the  contami- 
nation of  water,  and  are  constantly  so  arranged  as  to  invite  an 
admixture  of  the  most  varied  impurities."  .  .  .  .  "  The  butt  or 
cistern  of  the  house,  that  on  which  the  inmates  depend  for  their 
supply  of  fresh  and  pure  drinking  water,  is  placed  in  immediate 
contiguity  to  the  privy,  so  as  to  reduce  the  requisite  length  of  con- 
necting-pipe  to  the  fewest  possible  number  of  inches  ;  the  appli- 
cation of  water  is  not  made  discretionary  on  the  users  of  the 
privy,  nor  are  any  of  the  cheap  and  common  self-acting  contri- 
vances introduced ;  but  the  waste-pipe  of  the  butt  or  cistern  is 
conducted  into  the  discharge-pipe  of  the  privy,  so  that  periodically, 
with  a  frequency  varying  according  to  the  arrangements  of  the 
water  company,  the  arrears  of  excrement  are  removed  so  far  as 
the  overflow  of  the  v/ater  receptacle  may  have  power  to  dislodge 
and  propel  them."  ....  "Water,  as  you  probably  know,  is  a 
very  active  absorbent  of  many  gaseous  materials." 

The  Rivers  Pollution  Commissioners  in  their  report  dated  30th 
June,  1874,  state:  "All  storage  of  drinking  water  in  houses  is 
attended  with  the  risk  of  pollution.  Good  water  is  spoiled,  and 
bad  water  rendered  worse  by  the  intermittent  system  of  supply. 
All  drinking  water  ought  to  be  drawn  direct  from  the  main. 
Under  proper  supervision  the  waste  of  water  is  less  on  the 
constant  than  it  is  on  the  intermittent  system  of  supply.  These 
and  other  advantages  have  led  to  the  adoption  of  the  constant 
system  is  a  great  majority  of  British  towns." 

The  argument  used  against  a  constant  supply  is,  that  it  encou- 
rages, and  in  practice  results  in,  extravagance  on  the  part  of  the 
consumer,  and  that  no  provision  which  can  be  made  by  any 
sanitary  authority  or  private  water  company,  however  great,  can  be 
maintained  with  economy  where  such  latitude  exists.  The 
answer  to  this  is,  that  neither  extravagance  nor  waste  need  be 
experienced  under  proper  management  and  the  use  of  proper 
appliances.  This  is,  to  a  great  extent,  proved  by  the  fact  that  in 
certain  towns  where  a  constant  supply  is  now  in  use  with  the 
advantage  of  proper  precautions  to  prevent  waste,  the  quantity 
consumed  is  not  more  than  from  14  to  16  gallons  per  person  per 
diem. 

LXXXVI. —Stop-Cocks. — Stop-cocks  are  generally  placed  on 
the  branch  service  pipe  communicating  with  the  dwelling  be- 
tween the  point  of  junction  with  the  main  and  the  premises 
supplied,  as  a  means  cutting  off  the  entire  supply  when  necessary 
for  the  repair  of  fittings  or  otherwise. 

The  old  form  of  plug-cock  is  seldom  now  adopted — the  screw 
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I  also  desirable  in  .the  case  of  intermittent  Lpply  to  prov  de  a 
n  a    b^^^  leading  from  a  cister^.'s^thn  ^ir 

may  oe  executed  along  any  particular  1  ne  of  pipe  without  it 

iin:?of      ^^"^^^^      -  -  wu^othj: 

tn  ^^^^^  Stop-cocks  are  essential 

to  the  economy  of  supply  throughout  a  dwelling,  and  it  is  needles 

degree.        '  '"'^  ^"       purpose 'that  leaks  fn  any 

Dep^fb^d.'"  ^  stop  valve  cock  made  by  Messrs.  Stone,  of 

Fig.  120. 


This  stop-cock,  which  is  turned  by  means  of  a  key,  is  a  good 
example  of  what  should  be  always  aimed  at,  as  it  affords  when 
open  a  clear  unobstructed  passage  for  the  water  right  through  it, 
equal  to  the  full  bore  of  the  pipe.  When  closed  it  is  throughly 
secure  against  leakage,  having  two  tight  surfaces,  each  of  which 
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nets  as  a  perfect  valve.  Its  construction  also  is  very  simple. 
Fig.  1 2 1  illustrates  a  smaller  stop-cock,  by  Tylor  and  Sons,  to  be 
turned  with  the  hand,  which  will  be  found  very  useful  for  branch 
service  pipes.    It  is  suitable  for  high  pressures  as  well  as  low. 

Fig.  121. 


LXXXVII. — Water  Meters. — A  certain  means  of  preventing 
waste  is  the  use  of  a  private  meter  in  each  house,  in  the  same 
way  that  meters  are  now  adopted  for  the  measure  of  gas  in  nearly 
every  dwelling  where  gas  is  consumed.  There  is  this  differencCj 
however,  between  water  and  gas ;  the  use  of  a  certain  quantity  of 
the  first  is  an  essential  in  life,  while  with  the  other  it  is  not.  If 
water  were  paid  for  upon  the  exact  quantity  consumed,  it  is  believed 
that  a  very  large  number  of  the  population  would  reduce  their 
consumption  to  a  minimum  that  would  be  prejudicial  to  health, 
and  result  in  an  evil  much  greater  than  the  waste  of  water.  The 
idea  of  charging  by  meterage  for  every  drop  of  water  used  in  a 
house  has  therefore  been  abandoned,  but  it  does  not  follow  that 
the  system  in  a  modified  form  should  not  become  general  at  no 
very  distant  date. 

In  applying  the  meter  system  to  separate  houses,  it  has  been 
proposed  that  a  certain  quantity  of  water  should  be  considered 
due  to  each  house  according  to  its  size  and  its  rateable  value,  and 
that  the  payment  for  that  quantity  should  be  unchangeable  even 
though  the  water  should  not  be  wholly  used.  Beyond  this  certain 
amount  the  customer  should  have  power  to  draw  from  the  main 
any  greater  quantity  that  may  be  required.  For  this  extra 
quantity — it  is  held — an  extra  payment  should  be  made.  The 
meter  would  indicate  the  total  quantity  of  water  consumed,  and 
so  furnish  the  means  of  ascertaining  the  excess  to  be  paid  for  in 
addition  to  the  fixed  quantity.  By  this  plan  no  encouragement 
would  be  given  to  a  niggardly  use  of  water,  and  the  company 
supplying  the  water  would  thus  have  guaranteed  to  it  a  certain 
minimum  income. 
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by  clL^MriLZ't  .1  ^f-'"'^  '"^'^  constructed 
>io.i  iStenf  '      1^°"''^*="".  "Pon  Siemens  and  Adam- 


This  meter,  which  is  shown  on  a  large  scale  to  illustrate  its  com- 
ponent parts,  is  constructed  upon  the  principle  of  the  Barker's 
mill.  The  measuring  medium  consists  oi"  a  drum,  working  on  an 
upright  spindle  at  the  bottom,  and  in  a  collar  at  the  top.  The 
water  is  conveyed  by  the  conducting  tube  into  the  centre  of  the 
drum,  and  allowed  to  escape  at  three  or  more  apertures  on  the 
periphery  of  the  same,  giving  to  it  a  rotary  motion.  At  each 
revolution  of  the  drum  a  certain  number  of  cubic  inches  of  water 
is  delivered,  so  that  it  is  only  necessary  to  register  the  number  of 
revolutions  to  ascertain  the  quantity ;  this  is  effected  by  wheels 
and  pinions,  and  the  result  indicated  in  gallons  or  feet  upon  a 
graduated  dial. 


WATER.] 


DISTRIBUTION. 


Fig.  123  represents  the  exterior  of  a  water  meter  occupying, 
as  will  be  noticed,  but  little  space,  made  by  Tylor,  which  is  well 
adapted  to  the  registering  of  small  quantities,  and  is  very  compact 
in  itself.  The  figure  will  serve  to  show  the  compact  character  ot 
the  instrument.  This  meter  is  so  arranged  that  any  repair  or 
adjustment  may  be  easily  effected  without  removal.  The  small 
meters  of  this  class  are  made  of  brass  and  gun-metal  to  avoid 
corrosion. 

Fig.  123. 


LXXXVIII. — House  Service  Pipes. — House  service  pipes, 
the  small  pipes  by  which  the  water  is  conveyed  from  the  street 
main  or  the  house  supply  cistern  into  and  about  the  dwelling  of 
the  consumer,  are  made  of  either  lead,  cast  or  wrought  iron, 
lead  alloyed  or  lead  lined  inside  with  tin.  They  have  also  been 
made  of  iron  with  glass  Uning,  of  enamelled  iron,  and  in  some  few 
cases  of  brass,  copper,  and  gutta  percha,  though  these  latter  sorts 
have  never  been  extensively  adopted. 

A  great  deal  of  prejudice  exists  against  the  use  of  lead,  from 
the  belief  that  water,  especially  soft  water,  acts  in  such  a  manner 
upon  lead  as  to  produce  a  poisoning  effect,  and  a  great  deal  of 
medical  and  scientific  evidence  has  been  brought  to  bear  in  proof 
of  the  assertion.    The  result  of  long  enquiry  tends  to  prove  that, 
though  certain  kinds  of  water — particularly  very  soft  water — will 
under  certain  conditions  be  injuriously  affected  by  lead,  with  other 
kinds  of  water  under  different  conditions  no  such  effect  is  pro- 
duced, and  that  there  are  generally  found  in  water  impurities 
which  will  after  a  time  neutralize  the  effect  of  corrosive  action 
and  deprive  the  water  of  the  power  of  producing  any  injurious 
effect.  _  Glasgow,  for  instance,  which,  as  is  well  known,  derives  its 
water  in  almost  as  pure  condition  as  it  can  be  found,  from  Loch 
Katrine,  is  provided  with  lead  pipes  for  all  house  service,  and  the 
case  is  the  same  at  Manchester.    It  may  be  taken  for  granted, 
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that  in  short  lengths  of  pipes  where  water  is  in  constant  use,  lead 
may  be  used  without  any  danger,  whereas  in  long  lengths  of  pipes, 
in  which  water  is  liable  to  stand  for  any  length  of  time,  or  in  pipes 
which  iiiay  be  for  some  time  empty,  lead  should  be  avoided. 
Lead  pipes,  in  fact,  should  never  be  allowed  to  stand  empty  for 
any  length  of  time. 

Wrought  iron  is  a  general  substitute  for  lead.  The  great  objec- 
tion to  wrought  iron  is  its  liability  to  rust,  by  which  means  pipes 
may  become  choked  up  in  a  few  years.  This  is  especially  the  case 
with  soft  waters.  Another  objection  to  its  adoption  is  its  non- 
pHability.  This  may  be  minimized  by  the  insertion  of  double 
screwed  joints  which  may  afterwards  become  of  great  assistance 
should  the  pipe  become  at  any  time  choked  up.  Galvanized 
iron  is  said  to  be  no  protection  against  rust,  and  in  many  cases 
the  iron  unequally  and  imperfectly  coated  with  zinc  has  been  more 
rapidly  corroded  and  destroyed  than  if  it  had  never  been  protected 
at  all.  As  a  substitute  for  wrought  iron  and  lead  pipes  iron  or 
lead  pipes  with  a  continuous  lining  of  tin  of  even  thickness  have 
proved  very  useful.  When  they  are  adopted,  Mr.  Parry  says 
in  his  work,  "  Water,  its  Composition,  Collection,  and  Distribution," 
care  must  be  taken  that  the  tin  is  without  flaw  within  the  lead, 
and  that  the  outer  casing  of  lead  is  of  sufficient  thickness  to 
resist  the  maximum  internal  pressure  which  the  pipe  will  have  to 
bear  independently  of  the  tin  lining,  and  also  that  the  tin  is  of 
uniform  thickness  throughout  the  pipe. 

One  of  the  best  safeguards  against  rust  is  the  enamelled 
iron  previously  mentioned.  This  material  has  been  used  with 
success  where  all  other  kinds  have  failed.  Care,  however,  is 
required  in  the  jointing,  as  the  enamel  cannot  be  continued  over 
the  screw  joints. 

In  England  all  pipes  laid  out  of  doors  should  be  laid  at  a 
depth  of  at  least  3  feet  below  the  surface — and  if  from  necessity 
this  cannot  be  done  and  they  are  placed  in  an  exposed  condition, 
the  pipes  should  be  covered  with  sawdust  or  some  other  non-con- 
ducting material,  and  if  passing  through  bad  ground  should  be 
cased  in  timber.  Within  dwellings  pipes  should  never  be  bedded 
in  the  plaster  work  of  walls,  for  this  system  causes  a  vast  amount 
of  injury,  but  they  should  be  always  placed  in  an  accessible 
position,  either  exposed  altogether  and  painted,  or  cased  in  wood 
work  which  should  be  made  to  open  readily.  If  from  necessity 
they  have  to  be  laid  against  an  external  wall,  they  should  be  fixed 
to  wood  work  and  not  placed  in  direct  contact  with  the  wall 
itself.  In  all  dwellings  it  is  a  matter  of  the  greatest  importance 
that  the  service  pipes  should  be  capable  of  being  drained  dry. 
This  precaution  will  prove  of  great  value  in  very  cold  weather. 
To  prevent  freezing  with  more  certainty  it  will  sometimes  be 
advantageous  to  light  a  small  gas  jet  and  apply  it  to  the  water 
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pipes  where  they  enter  the  dwelling.  The  quickest  method  to 
thaw  pipes  is  to  pour  hot  water  over  them  or  to  place  cloths  dipped 
in  hot  water  over  the  spots  where  the  stoppage  is  supposed  to  exist. 

LXXXIX. — Taps, — Taps  being  the  outlets  from  the  house 
service  pipes  from  which  the  water  supply  of  the  dwelling  is  drawn, 
have  naturally  a  most  important  bearing  on  the  economy  of  domestic 
water  supply.  They  may  be  classified  as  follows  : — (1)  plug  taps  ; 
(2)  screw-down  taps ;  (3)  self-closing  taps  with  various  modifi- 
cations ;  and  (4)  self-closing  screw  taps ;  but  they  differ  so  much 
in  detail  that  all  persons  interested  are  advised  to  examine  the 
catalogues  of  the  various  manufacturers  and  agents  before  making 
a  selection. 

(i.)  Plug  Taps. — The  ordinary  plug  tap  which  is  familiar  to 
every  one,  may  still  be  said  to  answer  its  purpose  when  the  water 
service  is  intermittent,  and  is  distributed  through  the  medium  of 
cisterns.  Where,  however,  the  supply  is  delivered  at  high  pressure 
on  the  constant  system,  such  a  tap  becomes  unsuitable,  as  it  allows 
the  water  to  be  shut  off  so  suddenly  as  to  cause  a  severe  concussive 
bursting  strain  upon  the  pipes,  and  when  the  tap  is  only  partially 
closed  the  pressure  of  water  behind  it  may  at  times  be,  and  often 
is,  ^  sufficient  to  force  it  open  and  cause  waste.  To  meet  these 
objections  screw-down  taps,  self  closing  taps,  and  self-closing  screw 
taps,  have  been  to  a  great  extent  adopted. 

(2.)  Screw-doivn  Taps. — Screw-down  taps  have  the  merit,  as  their 
name  irnplies,  of  closing  gradually,  and  thereby  not  producing  any 
concussive  strain  upon  the  pipe.  They  are  capable  of  being 
made  very  durable  and  when  out  of  order  can  be  easily  repaired. 


Fig.  124. 
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It  IS  always  necessary  when  they  are  adopted,  in  order  to 
prevent  waste,  that  they  should  be  perfectly  screwed  down.  This 
IS  not  always  done  by  servants,  or  if  done  is  done  so  carelessly 
as  to  act  injuriously  upon  the  seating,  thereby  rendering  the  tap 
leaky. 

Fig.  124  represents  one  of  Guest  and  Chrimes'  high  pressure 
screw-down  taps.  The  valve  of  this  tap  is  a  loose  valve,  and  is 
closed,  as  will  be  seen  by  the  illustration,  by  being  pressed  upon 
a  metal  seat  by  means  of  a  screw-plug. 

Figs.  125  and  126  show  in  section  and  elevation  Tylor's  gun- 
metal  high  pressure  screw-down  tap.  The  valve  is,  as  will  be 
noticed,  constructed  on  the  same  principle  as  the  sluice  valve  so 


Fig.  125.  Fig.  126. 


well  known  to  engineers.  It  has  a  full  way  and  from  its  strength 
is  capable  of  resisting  very  high  pressures. 

(3.)  Self-dosing  Taps,  6t^c. — Self-closing  taps  are  largely 
adopted  in  dwellings,  because  they  effectually  prevent  waste, 
and  do  not  entail  so  much  trouble  in  opening  and  closing. 
They  have,  however,  the  same  defect  as  plug  taps,  inasmuch  as 
they  arrest  the  water  too  suddenly,  and  in  addition  they  are 
liable  to  derangement  from  the  carelessness  of  servants.  They 
should  therefore  only  be  used  in  places  where  the  occupier  can 
see  that  they  do  not  suffer  rough  treatment. 

Fig.  127  shows  one  of  Doulton's  taps  suitable  for  high  pressure. 
The  valve  is  shown  as  closed.  To  open  it  the  knob  must  be 
pressed;  this  opens  a  valve  inside  the  cover  relieving  the 
pressure  of  water  which  is  collected  on  the  upper  side  of  a  loose 
piston,  the  consequence  being  that  the  whole  pressure  of  water  is 
exerted  on  the  underside  of  the  piston  and  drives  it  up  thus 
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allowing  free  passage  through  the  outlet  port.  _  On  releasing  the 
knob  the  relief  valve  returns  to  its  closed  position  and  the  water 
passes  through  the  annular  space  around  the  piston  and  collects  on 
the  top  of  it  and  gradually  forces  it  down  on  to  its  seating,  the 
area  of  the  top  of  piston  being  greater  than  the  bottom  of  same. 
Thus  the  greater  the  head  of  water  the  tighter  the  valve  becomes 
when  closed. 

Fig.  128. 


Fig.  128  shows  a  tap  by  the  same  makers  more  adapted  for 
low  pressures ;  the  difference  being  that  the  relief  valve  is 
dispensed  with  and  a  spindle  attached  to  the  piston ;  to  the  latter 
double  cams  are  connected,  and  by  closing  these  the  piston  is 
pulled  off  its  seating  and  returns  again  on  being  released.  The 
pressure,  as  in  the  previous  example,  gathers  on  the  top  and 
keeps  the  valve  tight. 

An  ingenious  sort  of  tap  is  shown  by  Fig.  129. 
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Here  the  cam  lever  is  so  arranged  that  on  raising  the  same  it 
will  immediately  fly  up  to  the  vertical  position  shown.  The  valve 
cannot  therefore  be  left  partially  open,  though  it  may  be  held  in 
such  a  position  as  to  allow  a  small  quantity  of  water  to  be  drawn 
off.  This  tap  is  made  by  Doulton  and  Co.,  who  also  have 
recently  brought  out  another  lever  tap  with  india-rubber  diaphragm 
suitable  for  moderate  pressures. 

C4.)  Self-closing  Screw  Taps. — These  taps  will  be  found  very 
useful  for  certain  purposes,  as  they  are  not  subject  to  the  draw- 
backs'incident  to  the  last  class  of  taps.  Fig.  130  shows  a  tap 
constructed  on  the  screw-down  principle,  and  so  contrived  as  to 
allow  of  the  passage  of  only  a  certain  quantity  of  water  each 
time  the  valve  is  opened  by  the  screw. 


It  is  known  as  "the  screw-down  loose-valve  tap"  of  Tylor 
and  Sons.  It  is  designed  to  prevent  waste,  if  the  tap  is  left 
with  the  water  running.  This  is  effected  by  the  following  arrange- 
ment : — The  piston  C  is  fitted  with  a  washer  valve  H  at  bottom, 
and  moves  up  and  down  in  an  adjustable  socket  EE.  This 
socket  is  raised  or  depressed  by  the  handle  F.  When  the  handle 
is  turned  it  raises  the  socket  which  lifts  with  it  the  valve  and 
opens  the  passage  for  the  water  through  the  tap. 

A  sufficient  quantity  of  water  having  been  drawn  the  handle 
is  screwed  down,  which  depresses  the  socket  which  takes  down 
with  it  the  valve  on  to  the  seating  D.  Should  the  handle  not  be 
screwed  down  and  the  tap  left  running,  the  piston  valve  descends 
on  to  the  seating  partly  by  its  gravity  but  principally  by  the 
pressure  of  the  water  passing  through  the  tap.  This  tap  is 
declared  to  be  equally  suitable  for  outside  as  well  as  inside  use. 

Fig.  131  shows  on  a  small  scale  the  self-closing  screw  tap  of 
Messrs.  Wallace  and  Connell,  of  Glasgow.     Like  the  tap  just 
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vnlvJ'^'ii  P''"^"^  ''^  P^"^  "^^y  be  drawn,  though  the 
valve  will  close  when  a  regulated  quantity  has  passed  through  it 

Fig.  131. 


XC— Bath  Valves  and  Cocks.— Numerous  are  the  varieties 
of  _  both  bath  valves  and  cocks  now  before  the  public ;  though 
It  is  generally  acknowledged  that  the  former  are  superior  to  the 
latter  m  that  they  involve  less  trouble  to  open  and  shut,  especially 
when  they  are  not  in  constant  use. 


Fig.  132, 
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When  plug-cocks  are  used,  they  have  a  ground— in  plug 
with  packing  of  ordinary  packing  cotton  or  other  material,  and  a 
metal  gland  adjusted  by  two  binding  screws. 

The  "  screw-down,"  the  "diaphragm"  and  the  "quarter  turn 
round  way,"  valves  are  those  most  frequently  adopted  for  bath 
fittings  There  are  numerous  sorts  which  are  easy  both  to  open 
and  shut:  the  last  description  of  valve  possessing  the  _  extra 
advantage  of  coming  into  action  at  the  quarter  turn  of  the  circle. 

Locking  Apparatus. —LozYxx^g  apparatus  for  the  prevention 
of  waste  in  connection  with  the  supply  and  waste  valves  is 
a  very  useful  addition  in  all  cases.     Figs.  132,  133,  and  134 

Fig.  133. 


OVERFLOW 


illustrate  two  methods  by  which  this  object  is  obtained.  Fig.  132 
shows  Doulton's  improved  locking  apparatus  as  it  is  attached  to 
a  bath  ;  whilst  Fig.  133  shows  an  enlarged  side  elevation  of  the 
same  locking  gear  with  the  supplies  open  and  the  waste  locked, 
and  in  dotted  lines  with  the  waste  open,  and  the  supplies 
locked.  Fig.  134  represents  another  somewhat  similar  invention 
by  Messrs.  Stidder  and  Co.,  of  Southwark  Bridge  Road.  It  will 
be  seen  that  in  either  invention  it  is  impossible  that  the  supply 
pipes  and  waste  should  be  open  at  the  same  time. 
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XCI. — Ball  Valves. — Ball  valves  though  they  are  generally 
the  only  means  provided  for  regulating  the  supply  of  water  to  the 
cisterns  or  tanks  of  a  dwelling,  are  as  a  rule  but  little  under- 
stood, and  the  waste  which  frequently  takes  place  will  be  found  to 
arise  as  much  from  their  defective  condition,  which  the  occupier 
does  not  fully  appreciate,  as  from  any  other  cause.    Ball  valves 
are  commonly  used  in  connection  with  the  general  service  and 
water-closet  cisterns.    Where  the  pressure  is  great,  the  water  as 
it  enters  the  cistern  is  necessarily  much  agitated,  and  many  valves 
are,  from  their  construction,  subject  to  a  great  amount  of  wear 
and  tear  from  this  cause.    Great  care  should  therefore  be  taken 
to  select  those  only  which  limit  this  wear  and  tear  to  a  minimum. 
In  testing  the  valves  themselves,  not  only  is  it  necessary  that  they 
should  be  sufficiendy  strong  to  withstand  a  maximum  pressure 
when  closed,  but  the  lever  or  rod  should  be  of  such  a  character  as 
to  act  with  the  fall  or  rise  of  the  water  in  the  cistern  independently 
of  any  force  which  the  water  in  the  pipe  may  exercise  upon  the 
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valve    The  number  of  valves  and  their  characteristics  are  legion 
and  it  would  be  indeed  invidious  to  ofifer  any  selection  beyond 
such  specimens  as  will  convey  the  ruling  objects  aimed  at  hy 
different  makers,  all  of  whom  declare  that  the  water  companies 

will  sanction  their  use.  i,  ^  ^^a 

Fig  i^S  represents  the  tube  ball  valve,  made  by  Guest  and 
Chrimes.  The  action  of  this  kind  of  valve  is  very  siniple,  the 
hollow  vertical  tube  shown  is  -connected  with  the  ball  rod 


Fig.  135. 


or  lever,  and  rises  or  falls  with  the  motion  of  the  latter.  When 
the  ball  rod  is  down  as  in  the  figure  there  is  a  space  above  the 
top  of  the  tube.  Through  this  space  the  water  passes  into  and 
down  the  tube  into  the  cistern.  When  the  ball  rod  is  up,  the 
tube  is  pressed  against  an  india  rubber  or  other  seating,  and 
the  passage  of  water  down  the  tube  is  prevented. 


Fig.  136. 


Figure  136  shows  a  lever  ball  valve  manufactured  by  Messrs. 
Tylor  and  Sons— the  chief  feature  of  which  is  that  the  ball  rod  is 
not  attached  to  the  valve,  and  only  acts  upon  it  when  it  has  been 
raised  to  a  certain  height.  In  this  apparatus  the  power  exerted  by 
the  flow  of  water  in  the  pipe  behind  the  valve  is  withstood  by  the 
working  parts  of  the  valve  immediately  above,  and  in  a  line  with 
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and  Its  agitation  in  the  cistern.  emry  oi  tne  water, 


Fio.  137. 


Fig._  137  shows  a  valve,  which,  unlike  the  previous  examples 
works  in  a  horizontal  direction.      It  is  that  known   as  the 
equihbrium  ball  valve  of  Underhay.    The  waterway  of  this  valve 
continues  clear  until  the  cistern  has  become  nearly  full,  a  great 
consideration  when  the  water  supply  is  intermittent. 

Fig.  138  represents  Tylor's  patent  high  pressure  horizontal  valve, 
which  has  now  been  tried  for  some  years  with  satisfactory  results  in 
connection  with  the  New  River  Water  Company's  supply.  This 
valve  also  allows  of  the  running  of  a  full  stream  of  water  throu2;h 
It  until  the  cistern  is  nearly  filled. 


Fig.  138. 
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Fig.  139  represents  the  wedge  ball  valve  sold  by  Messrs.  Flood 
and  Co.,  of  Blackfriars. 

Fig.  139- 


This  valve  is  new  in  principle  and  ingenious.  The  valve  being 
opened  by  the  pressure  of  the  water  and  closed  by  a  wedge  con- 
nected with  the  ball  lever,  and  inserted  between  a  plunger  (the 
end  of  which  forms  the  valve)  and  a  roller  fitting  on  to  a  pin  fixed 
in  the  valve  box.  The  inventors  say  it  will  work  under  both  high 
and  low  pressure — that  it  can  be  equally  well  used  with  both  hot 
and  cold  water,  and  that  its  parts  are  certain  in  their  action.  It  is 
declared  to  be  the  cheapest  high  pressure  ball  valve  in  the  market. 

There  is  also,  besides  many  others,  the  ball  valve  which  is 
made  on  the  "  loose  valve  "  principle.    Fig.  140  shows  the  exterior 


Fig.  140. 
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^nfZrU         A  i'^'''''  "^^"^^  Guest  and  Chrimes  of 

Rotherham  A  loose  valve,  the  face  of  which  is  covered  a 
leather  washer,  is  compressed  on  a  prepared  metallic  seat  ^bv 
means  of  a  screw,  so  threaded  that  the  vllve  may  be  opened  Jr 
shut  with  a  very  small  fall  or  rise  of  water  in  the  cistern  ^ 

In  concluding  this  chapter  on  the  distribution  of  water 
throughout  the  dwelling,  it  is  hardly  necessary  to  repeat  more 
precisely  than  has  already  been  done  that,  with^respect  to  vaTves 
cocks,  and  taps,  the  endeavour  has  been,  as  their  kinds  are  verv 
numerous,  to  direct  attention  into  the  right  channel  for  peJsoS 
examination,  rather  than  to  express  decided  opiniLf  which 
special  or  local  circumstances  may  render  inappliiable.  Among 
the  best  prepared  catalogues  of  distributing  appliances  will  he 
found  those  of  Messrs.  Tylor,  Bolding,  EmaSuel,  and  Doulton  of 

Interne''  o^'ri-f^^'l""^.^!;"^^^^'  R-^herham;  Mes;rs: 
Sutcliffe,  of  Ha  ifax  ;  though  there  are  probably  many  others 
from  which  equally  valuable  information  may  be  obtained. 
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A. 

Absorbent  power  of  Soils,  15. 

Abyssinian  Tube  Well,  142. 

Adams  and  Sons,  Haymarket,  Sink  Trap,  84. 

Adits  in  Wells,  Yield  of  Water  from,  137. 

Crated  Filters,  180. 

Ague  banished  by  Drainage  of  the  Fens,  14, 
Air.    Air  in  Relation  to  the  Dwelling,  i. 

Constituents  of  Normal  Air,  2. 

Foreign  Polluting  Matters,  2, 

Counteracting  Agencies,  3. 

Attainable  Standard,  4. 

Quantity  respired  by  Human  Beings,  4. 

Oxygen,  5. 

Carbonic  Acid,  5. 

Carbonic  Acid  the  Measure  of  Impurity,  7. 

Ground  Air  as  affecting  the  Dwelling,  8. 
Air  in  Relation  to  the  Dwelling,  I. 
,,  of  Confined  and  Open  Spaces,  6. 
Air  Meter,  Casella's,  56. 
Analysis  of  Water,  133. 
Areas  necessary  in  certain  Instances,  22. 
Amott's  Ventilator,  43,  106. 

Ash-Pits  and  Dust-Bins.    Necessity  of  frequent  removal  of  Contents  of, 

Atkins'  Filter,  185. 

Atkins'  Water-softening  Process,  1 30. 

Atmospheric,  or  Common  Suction  Pump,  168. 

Attfields',  Professor,  F.R.S.,  Method  of  Water  Analyis,  134. 

Automatic  Sewage  Meter,  35. 

Awards  of  Sanitary  Institute.   Failure  in  Utility  of,  43. 


B. 

Ball  Valves,  202. 

Banners'  Rotatory  Cowl,  108,  T09. 

,,       Stationary  Cowl,  109. 
Basements  should  not  exist  in  Dwellings  built  on  Clay  Soils,  2. 
Basement  Floors  under  level  of  surrounding  Ground  to  have  Areas,  22. 
Bateman,  Mr.,  on  Evaporation,  119. 
Bath  Locking  Apparatus,  201. 
Bath  Rooms  and  Bath  Appliances,  89. 
Bath  Valves  and  Cocks,  200. 
Bavin  Trap,  50. 

Boilers,  Prevention  of  Explosion  in,  24. 
Bond's,  Mr.,  Earth  Closet,  80. 

Borings  in  Chalk,  and  New  Red  Sandstone,  cost  of,  141. 
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Bostel's  Water  Closet,  63. 
Bower  Sink  Trap,  84. 

Bowden's  Method  of  Preventing  Boiler  Explosions,  26. 
Boyle  s  System  of  Ventilation,  107. 

,,     Air-pump  Ventilator,  no,  in 
Buchan  Mr.,  on  Temperature  of  Soils,  16. 
Biichan's  (Glasgow)  Cowl,  109. 

"  )>         Soil  Pipe  Trap,  45. 

Buchanan,  Dr.,  Cause  of  Phthisis,  12. 

Towns,  i's.  °"  Lowering  of  Subsoil   Water  in  certain 

Burn,  Mr.  R.  S.,  on  Hardness  of  Water,  128. 

."         )>       on  Clark's  Softening  Process,  I2Q, 
Braithwaite's  Water  Waste  Preventer,  75. 
Braziers'  Water  Waste  Preventer,  73. 


C. 


Capacity  of  Soils  for  Retention  of  Water  and  Air,  15. 
Capillary  Attraction  in  Soils,  14,  ' 
Carbonic  Acid  in  Air,  2,  5. 
Carbonic  Acid,  Measure  of  Impurity  in  Air,  7. 
Carbonic  Acid  in  Open  and  Confined  Spaces,  6. 
Cellars  and  Basements,  Influence  of  Wet  Soils  upon,  15. 

,,     should  not  exist  in  Dwellings  built  on  Clay  Soils,  23. 
Centrifugal  Pump,  174.  ' 
Cesspools,  objections  to,  31, 
Cliain  Pumps,  175. 
Chandler's  Trapping  Box,  78. 
Chalk,  Water  from  the,  137. 

Chemical  Processes  of  Sewage  Treatment,  Inapplicable  to  Dwellings,  31 
Cisterns,  Lead,  179. 

Earthenware,  179. 
„       Zinc,  179. 

,,       for  Service  within  the  Dwelling,  17S. 

,,       Water  Waste  Preventing,  70. 
Clark's,  Dr.,  Water-softening  Process,  129.. 
Clark's  Process,  ready  and  easy  method  of  adopting  same,  130. 
Clay  Joints  for  Pipe  Sewers,  38.  ^ 
Clays,  under-drainage  of,  17. 
Closets,  Valve,  59. 

,,      Valveless,  63. 
Collecting  Chambers  for  Flushing  Sewers,  52. 
Corfield's,  Dr.,  Disconnecting  Chamber,  42. 
Constant  Service  for  Water  Supply  of  Towns,  18S. 
Concrete  Floors,  20. 

,,       constituents  of  good,  177. 

,,       for  Tanks,  178. 
Cost  of  Underground  Tanks,  178. 
Construction  of  Outfall  Sewer,  38. 
Counteracting  Agencies  in  Air,  3. 
Country  Houses  specially  considei-ed,  18. 
Course  of  Outfall  Sewer,  40. 
Cowls,  108. 

Cultivated  Sm-faces,  Water  from,  125. 

Current  of  Air,  direction  of  in  Sewers  and  Pipes,  55. 
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D. 

D,  the,  Trap,  59. 

Damp  Course  Necessary,  21. 

Dauchell's  Filter,  182. 

Dangerous  Waters,  125. 

Death  Rate  lowered  by  Dryness  of  Soil,  12. 

De  Chaumont,  Dr.,  on  Air,  3,  4,  5. 

Deep  Wells,  definition  of,  136. 

Degen  on  Carbonic  Acid,  8. 

Dent  and  Hillyer's  Sink  Trap,  84.  , 
Denton's,  Mr.  Bailey,  .Crated  Self-Supplying  Filter,  181. 

,,  Sewage  Regulator,  35. 

Dines,  Mr.  G.,  on  Rainfall  in  the  Metropolis,  116. 
Disconnection  of  Outfall  Sewer  from  Public  Sewer,  42. 

Disposal  of   Sewage  to  be  determined  before   External   Sewers   are  laid 

out,  29.  .       .  _ 

Distribution  of  Water.— Remarks  on  Constant  Service  for  Dwellings  m  Towns, 

188. 

Stop  Cocks,  189. 
Water  Meters,  191. 
House  Service  Pipes,  193. 
Taps,  195. 

Bath  Valves  and  Cocks,  200. 

Ball  Valves,  202. 
Docwra,  Mr.  Thomas,  on  Well  Sinking,  141. 
Double-barrel  Pump,  153. 
Double-sealed  Traps,  47. 

Doubtful  Water  to  be  sent  to  the  Analytical  Chemist,  134. 
Doul ton's  Bath  Valves  and  Locking  Apparatus,  201, 

„      Closets,  58,  61,  64,  65. 
Housemaid's  Sink,  88. 

,,      Lavatories,  34. 

,,      Lavatory  and  Bath-room  combined,  92. 

,,      Patent  Pipe  Joint,  40. 

,,      Cam  Lever  Taps,  198. 

,,      Self-closing  Taps,  196,  197. 

,,      Yard  Trap,  51. 
Drainage,  meaning  of  term,  10. 
Dripping  Roofs  and  Dry  Rot,  21. 
Dry  Rot,  21. 

Dry  and  Wet  Soils  compared,  12. 

Dryness  of  Soils  Essential  for  Dwellings,  10. 

Drysdale  and  Hayward,  Drs.,  on  Fresh  Air  Inlets  to  Dwellings,  103. 

,,  ,,         on  Used  Air  Outlets  from  Dwellings,  107. 

Duncan,  Mr.,  on  Evaporation,  119. 

Dyer's,  Mr.,  Method  of  Preventing  Boiler  Explosions,  26. 


E. 

Earth  Closets,  79. 

Eassie,  Mr.,  C.E.   {The  Sanitary  Arrangements  in  Dwellings),  102. 
Emanuel's  Water  Waste  Preventer,  74. 
Empress  Cowl,  109. 

Engineer,  Duty  of  in  relation  to  Air,  11. 

Essential  considerations  to  be  observed  in  the  constmction  of  Dwellings — 
Concrete  Floors,  20. 
Damp  course,  21. 
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K^isential  considerations,  8Lc.~(conH,wed). 

iioicVaSf .r'  ^'-^ 

"""""  aLs.'^  ^^^^  ^^^^^        — -^'"g  ^-""'1    to  have 

^siiL,23.''""""^^  inDvveilings  i.uilt    on  Clay 

Ventilating  Shafts  in  connection  with  Chimneys  21 

"t^S^^:^^'  ^^^^  DepaJ;^e^.and  the  avoidance  of 

Evai^l^'S^r T     ''''''''  Explosions  of  Boilers,  34. 

Effect  OH  Temperature,  16. 

Reduction  of  by  Draina"-e  16 
Exposure  to  Impure  Air,  effect  of,  i;'.  ' 


Fens.  Improvement  of  by  Drainage,  14. 
Fever,  Propagation  of  by  Impure  Water^  112. 

,,      Resulting  from  Impure  Air,  9. 
Field,  Mr.  Rogers,  on  Sub-irrigation,  36 
Field's  Annular  Syphon,  52. 

>»  M      Flush  Tank,  46. 

Filters,  aerated,  180. 

non-aerated,  182. 
,,      Bailey-Denton's  Filter,  181, 

Danchell's  Filter,  i82. 
,,      Nose  Bag,   do.  182. 

Silicated  Cai'bon,  do.  183. 
Atkins'       do.  185. 
,,      Spongy  Iron,  186. 

Maignen's  Filtre  Rapide,  185. 
Lipscomb's  Filter,  187. 
Filtration  Domestic,  179. 

,,        Intermittent  Downward,  32. 
Filtration  Domestic  Necessity  for  periodical  Cleansing  and  Inspection,  1S7 

"  >.        Necessity  for  Aeration,  181. 

Fleck  of  Dresden  on  Air,  9. 
Flushing,  advantages,  of  Sewers,  49. 
5>  j>  Urinals,  96. 

"  >>  Water  Closets,  66. 

Flood  and  Go's.  Wedge  Ball  Valve,  205. 
Fox.  Dr.  on  Ozone,  3. 

Frankland,  Dr.,  F.R.S.,  on  Intermittent  Downward  Filtration,  32. 
^    ''         "         )i        on  Water  Analysis,  134. 
Fresh  Air  Inlets  to  Dwellings,  102. 
Freezing  of  House  Service  Pipes,  195. 


Galton,  Captain  Douglas,  C.B.,  F.R.S.,  on  Arnott's  Ventilator,  106. 

''       "  »»  ).  on  Lead  Cisterns,  179. 

Gas  Power,  164. 

Gault,  Water  in  the,  139. 

Gibson's  Earth  Closet,  81. 

Grease  Traps,  85. 
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(Irimshaw,  Mr.,  on  Boilers,  26. 
Ground  Air  as  affecting  the  Dvvella-ig,  b. 


Gwynne's,  'ilessrs..  Centrifugal  Pumping  Engine,  163. 


■  L.oose  vaivc  uiui 
Tube  Ball  Valve,  203. 
Water  Meter,  192. 


Hydraulic  Ram,  158. 
Tube  Well  and  Centrifugal  Pump,  146. 
Turbines,  161. 


H. 


Hay  ward  Tyler's  Hot  Air  Engine,  166. 
Hemans,  Mr.,  on  Evaporation,  119. 
Herschel,  Professor,  on  Evaporation,  16. 
Hellyer's,  Disconnecting  Chamber  23. 
Grease  Trap,  86. 
,,       Cowl,  109. 
Hellyer  on  Cowls,  ill. 
Hollow  Walls,  22. 

Holman's  Double  Action  Lift  and  Force  Pump,  170. 

Hopper  Closet,  65. 

Horizontal  Steam  Engine,  164. 

Horse  (Animal)  Power,  153. 

Horse  and  Man  Power  compared,  1 50"" 

Hot  Air  Power,  166. 

House  Hydraulic  Sewage  Ejector  (Shone's),  53. 

Housemaids'  Closets  and  Sinks,  87. 

House  Service  Pipes,  193. 

Huxley.  Professor,  on  Respiration,  4. 

Hydrogen,  113. 


Impurities  in  Air,  3. 

Impurity  of  Air  in  Dwellings,  li. 

Inclination  and  velocity  of  Outfall  Sewer,  41. 

Infiltration  of  Rain  by  absorbent  Soils  in  Summer  and  Winter,  foi 

nance  of  Rivers,  etc.,  117. 
Inspection  Shafts  of  Outfall  Sewer,  42. 
Intermittent  downward  Filtration,  32. 

,,        Water  Supply,  remarks  on,  1 88. 
Iron,  wrought,  for  House  Service  Pipes,  193. 

,,    enamelled,  for  House  Service  Pipes,  194. 
Isolated  Dwellings,  legal  obligations  as  to  liquid  Refuse  from,  29. 


Jennings'  Bath  Waste,  91. 

Housemaids'  Sink,  87. 

,,      Urinals,  96. 

,,      Water  Closets,  62. 
Jointing  of  Drain  Pipes,  17. 
Junction  of  Private  and  Outfall  Sewers,  41. 
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King's  Earth  Closet,  Sr. 
Kitchen,  situation  of,  28. 


K. 


L. 


Land,  application  of  Sewage  to  12 
Lavatories,  93.  e.       o  • 

Lead  Cisterns,  173. 
Lead  for  House  Service  Pipes,  193 
Leaky  Sewers,  dangers  of,  13 

Legrand  and  Sutcliffe's  Abyssinian  Tube  Wells,  142 
London  School  Board,  Air  Space  required  by,  loi^ 
L  ebeg  Baron  von,  on  Intermittent  Filtration,  33. 
i-itt  and  Porce  Pumps,  169. 
Lipscomb's  Filter,  187. 

Liquid  Sewage,  collection  of  and  distribution  over  Land  34 

"   External  S:wers°'29"P""^       '°  before  laying  out 

M. 

Maignen's  "  Filter  Rapide,"  185. 
Mansergh's  Trap,  47. 
Manual  Power  for  Raising  Water,  152 
Mather  and  Piatt,  Borings  by,  139 
Manure  from  Earth  Closets,  value  of,  82. 

u'^'ik^'^PStZ^/^^^^t.'^:  J'"-  Air  into  Dwdling.,  ,05. 

Middens  and  Cesspits  generally  condemned,  79. 

Molesworth's  Table  of  Power  required  to  raise  Water  from  deep  Wells  i  W 
Mortality  decreased  by  Drainage  12  ccp  ^veiis,  150. 

Moser's  Earth  Closet,  82. 

Motive  Powers  to  raise  Water  for  the  supply  of  Dwellincrs— 

Introductory  Observations,  149. 

Manual  Power,  152. 

Horse  Power,  153. 

Wind  Power,  155. 

Water  Power,  157. 

Steam  Power,  161. 

Gas  Power,  164. 

Hot  Air  Power,  166. 
Moule's  Earth  Closet,  80. 

N. 

New  Red  Sandstone,  Water  in  the,  139 

Nitrogen  in  Air,  2,  note. 

Non-aerating  Filters,  182. 

Norias,  175. 

Normal  Air,  2. 

Normal  Water,  113. 

Norton's  Abyssinian  Tube  Well,  142. 

Nose  Bag  Fitter,  182. 


O. 


Open  Spaces,  Air  of,  6. 
Organic  Matters  polluting  Air,  2. 
Otto  Silent  Gas  En^^ine,  165. 
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Outfall  Sewer  of  Dwellings  — 
Construction,  38. 
Position  or  Course,  40. 
Inclination  and  Velocity,  41. 
Size,  41. 

Inspection  Shafts,  42. 

Disconnection  from  Public  Sewer  or  Cesspool,  42. 
Overshot  Water  Wheels,  159. 
Oxygen  in  Air,  2,  note,  and  5. 
Oxygen  in  Water,  113. 
Ozone,  3. 

P. 

Pan  Closet,  59. 

Parkes,  the  late  Dr.,  on  Carbonic  Acid,  5,  7. 
j>  on  Evaporation,  16. 

»»  M  on  Ground  Air,  9. 

"  "  on  quantity  of  Pure  Air  per  Head  necessary  in  a  Room 

lOI.  ' 

on  quantity  of  Water  required  by  an  Adult,  126 
Parry,  Mr.,  C.E.,  on  House  Service  Pipes,  194. 
Paton,  Mr.,  on  Well  Sinking,  140. 
Permanent  Hardness  in  Water  (Tidy),  128. 
Permanganate  of  Potash  Test  for  Water,  133. 
Pettenkofer  on  Carbonic  Acid,  8.  '  " 

Pipes,  How  to  discover  Stoppages  in,  56. 

Plan  of  Sewers,  Drains,  and  Water  Pipes  in  Dwellings  essential,  19 
Plug  Taps  when  unsuitable  for  Dwellings  i9k  - 
Polluting  Matters  in  Air,  2. 

J  J  >)         Water,  113. 

Pollution  of  Shallow  Wells,  125. 
Porter-Clark,  Water  Softening  Process,  133. 
Portland  Cement  and  Gaskin  most  useful  for  Pipe  Tointine  I7 
Position  and  Course  of  Outfall  Sewer,  40. 
Position  of  Cisterns,  179. 
Po.sition  of  House  Service  Pipes,  194 
Potts  and  Co.'s,  Soil  Pipe  Trap,  45. 
Pnvies  and  Cesspools  condemned,  31 
Public  Health  Act,  1875,  sec  17,  30. 
Public  versus  Private  Supply  of  Water  n,< 
Pumps —  ' 

Atmospheric  or  Common  Suction  Pump,  168 

Lift  and  Force  Pump,  169. 

Single  Barrel  Pump,  172. 

Double  Barrel  Pump,  153. 

Treble  Barrel  Pump,  154,  162,  173. 

Centrifugal  Pump,  174. 

Periodical  inspection  necessary,  176. 
P  Description  and  Character  of  Power  required  i  ?  1 

Purnell's  Water  Waste  Preventer,  75.  luireu,  151. 


Q. 

Quantity  of  Air  respired  by  Human  Beings,  4. 

■„  Water  required  for  Consumption  and  Use,  126. 

"  "         »  Flushing  Water-Closet's,  66! 
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Ramfall  in  Europe,  115. 
Asia,  115. 
n     America,  115. 

England,  eastern  side,  115. 
"         >>        western  side,  115, 
London,  116. 
Rainfall,  Yearly  and  Monthly,  114. 

„     and  Percolation  at  Nash  Mills,  Herts,  from  183c  in  iS^^  ,rc 
„     relative  in  Winter  and  Summer,  117  ^° 

"     "^^^Tlupprxts"^''"'  "  Non-absorbent  Surfaces  and  so  lost 
^     "  ^'Sect:?foSak%'"^™ 
Rankine  on  Improvement  of  Temperature  by  Under-drainatre  ,  6 
Regulator,  the  Automatic  Sewage,  34 

Sr^fti  Jsfe^T" 

Richardson  on  Ventilation,  99. 
Rider  Hot  Air  Engine,  166. 

River  Water  condemned  as  a  Source  of  Water  Supply,  12^ 
Roberts  Patent  Joint  Pipes,  39.  ^' 
Roofs,  Evils  of  Dripping,  21. 

Rainwater  from,  147. 
Rotatory  Cowls,  108. 

Ruling  considerations  in  electing  sites  of  Dwellings,  1 1. 


Safes  of  Water  Closets  to  be  ventilated,  63. 
Safety  Plates  of  Boilers,  27. 
Safety  Valves  of  Boilers,  27. 

Sanitary  Engineering  Company's  Ventilators,  104,  105. 

»»  )>         Cowl,  no. 

Scavenging.   Frequent  and  Periodical,  37. 
Sewage,  Definition  of,  28. 
Sewer,  meaning  of  term,  11. 
Sewage,  External.— Definition  of  Sewage,  28. 

Mode  of  disposing  of  the  Liquid  Sewage  to  be  determined 
before  laying  out  External  Sewers,  29. 

Modes  of  Treatment  inapplicable  to  Isolated  Dwellings,  30. 

Modes  of  Treatment  available  for  isolated  Dwellings,  31. 

Means  of  collecting  the  Liquid  Sewage  of  the  Dwelling  and 
of  regulating  its  distribution  over  Land, '34. 

Reasons  why  sub-irrigation  of  Land  should  be  avoided,  36. 

As  to  the  removal  of  Solid  Refuse,  37. 

The  outfall  sewer  of  the  Dwelling,  38. 

Traps,  43. 

Chambers  for  collecting  Surface  or  other  Water  for  flushing 
Sewers,  52. 

Ventilation  of  the  Outfall  Sewer  and  its  branches,  including 
Soil  Pipes,  &c.,  55. 
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^.vvnfre  Extemal.-Mode  of  ascertaining  the  direction  of  the  Current  of  Au  in 

bewage,    -  Sewers  or  Pipes,  55.  •    •    u  t-j 

Modes  of  determining  whether  Stoppages  exist  in  the  i-louse 

Sewer  and  its  tributaries,  and  whether  any  Gases  or 

Effluvia  from  Sewers  penetrate  into  thie  Dwelling,  56. 

^r^weraire  Internal.-Water  Closets  and  appliances  connected  with  them,  mclud- 
bewerage, interna  .^^  ^^^^^  ^^^^^^  Preventers,  57. 

Earth  Closets,  79. 
Sink  Traps,  83. 
Grease  Taps,  85. 

Housemaids'  Closets  and  S:nks,  87. 

Bath  Rooms,  and  Bath  Aupl  ances,  89. 

Lavatories,  93. 

Urinals,  95. 
Shallow  Tuhe  Wells,  142,  146. 

Wells,  definition  of,  136. 
Shallow  Wells,  126,  142. 
Silicated  Carbon  Filter,  183. 
Sink  Traps  (External)  46. 

(Internal),  83. 

Single  Barrel  Pumps,  172.  _      ,      i  c-. 

Site  of  Dwellings— RuUng  considerations  in  selecting  Sites,  10. 

Naturally  Dry  and  Wet  Soils  compared,  12. 

Wet  Soils  injurious  to  Health,  14. 

Capillary  attraction  in,  and  evaporation  from  Soils,  14. 

Capacity  of  Soils  for  the  retention  of  Water  and  Air,  &c.  ,^ 

&c.,  15.  , 

Improvement  of  Temperature  consequent  upon  Under- 

drainage,  16.  r  i 

Mode  of  Under-drainage  required  to  dry  Sites  of  Dwel- 
lings, 17- 

Country  Houses  specially  considered,  18. 
Size  of  Outfall  vSewer,  41. 
Smith,  Dr.  Angus,  on  Air,  2,  4,  5,  6. 

,,     Carbonic  Acid,  6,  8. 
J,  ,,     Ground  Air,  8. 

Soft  Water,  127. 
Soil  Pipe  Traps,  44. 

Soils,  naturally  Dry  and  Wet  compared,  12. 

Sources  of  Water  Supply.— Advantages  of  Public  over  Private  Supply,  135. 

Wells  of  various  kinds,  136. 

Rainwater  from  Roofs  and  Impervious  Surfaces, 
147. 

Water  from  the  Surfaces  and  from  the  Under- 
drains  of  Cultivated  Lands,  147. 
Sources  of  Water  Supply  classified,  120. 
Spring  Water,  121. 
Spongy  Iron  Filter,  186. 
Standard  attainable  of  Air,  4. 

(average)  of  unpolluted  potable  Water,  120. 
„       recognized  for  effluent  Water  admissible  into  Streams,  30,  note. 
Stanford's  Patent  Joint  Pipes,  39. 
Steam  Power  for  the  raising  of  Water,  t6i. 
Stidder's  Bath  Inlets,  90. 

,,       Bath  Locking  Apparatus,  202. 
,,       Grease  Trap,  86. 
,,       Holborn  Slop  Sink,  88. 
Lavatory,  95. 
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Stidder's  Traps,  48,  51 

M       Urinals,  96. 

Stiff's  Traps,  48,  49,  50, 

btones  Stopcock,  190. 

"  Water  Waste  Preventer,  72 
•Stopcocks,  189.  ' 


Stoppages  in  Severs,  how  to  discover  tliem  56 
Storage  and  Domestic  Filtration.-UndeSJif  i  Storage  Tanks,  ,„ 

Cisterns   for  ..-.i  -    ' '.. 


^"x^^X^l"^'  Service  within  the  Dvvel- 


Stored  Rainwater,  123  domestic  Filtration,  179. 

Sub-Irrigation  of  Land  to  be  avoided,  36. 

S^nnl    Yw'  Under-drainige,  15. 

Supply  of  Water,  Advantages  of  Public  o;er  Private 

M        „         to  Water  Closets,  66.  ^^^^'^35 
Surface  Water,  Upland,  122. 
Suspicious  Waters,  123 
Sutcliffe  Sink  Trap,  84. 
Symons,  Mr.  J.  G.,  on  Annual  Rainfall,  115. 


T, 

Tangye's  Cottage  Pump,  168. 

Horizontal  Steam  Engine,  164. 
.,       Vertical       do.       do.  162 
Taps.— Plug  Taps,  195. 

Screwdown  Taps,  195. 
,,        Self-closing  Taps,  196. 

Self-closing  Screw  Taps,  19S. 
Temperature  Improved  by  Under-drainage,  16 
Temporary  Hardness  of  Water,  (Tidy)  127. 
Tests  for  decomposed  Organic  Matter  in  Water  n-i 
Thames,  Discharge  from,  119,  120. 
Tidy,  Dr.  Meymott— On  Air,  2,  3. 

'>         '>  >)        Hardness  of  Water,  127. 

Tilley,  Mr.,  on  Well  Sinking,  139,  141. 

Tomlinson  (Weale's  Series)  on  Heating  of  Air  and  Water  99 
1  rappmg  of  Water  Closet  Pans  essential,  58. 
Trap,  the  D,  59 

Traps  External.— Soil  Pipe  Traps,  44. 

Sink  Traps,  46. 

Double-sealed  Traps,  47. 

Single-sealed  Traps,  49. 

Yard  and  Road  Traps,  50. 
Traps,  internal,  83. 

Treatment  of  Sewage  available  for  isolated  Dwellings,  31. 

'         '>       >.      inapplicable  to  isolated  Dwellings,  30. 
Treble  Barrel  Pumps,  154,  162,  173. 
Tredgold  on  Respiration  and  Inspiration,  100. 
Tube  Wells,  142. 

Tube  Well  and  Centrifugal  Pump,  146. 
Tube  Wells  connection  between,  145. 
Turbines,  160. 

Tye  and  Andrew's  Sink  Trap,  83. 
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Tylor  and  Sons',  Lever  Ball  Valves,  203,  204. 

„        Screwdown  "  Loose  Valve  "  Tap,  199. 
"         „        Screwdown  (High  Pressure)  Tap,  196. 
]]  Stop  Cock,  191. 

Waste-not  Cistern  Valve,  69 
Water  Closets,  59,  62. 
„        „       Water  Waste  Preventei-s,  70,  71,  76. 

u. 

Under-drainage,  mode  of  required  to  Dry  sites  of  Dwellings,  17. 

„  Waters  of,  124. 

Underground  Storage  Tanks,  177. 
Underhay's  Equilibrium  Ball  Valve,  204. 
Regulator,  61,  77. 
,,         Water  Closet,  60. 
, ,         Water  Waste  Preventer,  78. 
Undershot  Wheels,  159. 

Unpolluted  Water,  Standards  of  (average),  120. 
Upland  Surface  Water,  122. 
Urinals,  95. 

Used  Air  Outlets  from  Dwellings,  106. 


V. 

Valveless  Closets,  special  Advantages  of,  63. 
Valves,  Waste  Preventing,  67. 
Velocity  and  Inclination  of  Outfall  Sewer,  41. 
Ventilating  Pipes,  diameter  of,  55. 

,,         Shafts  in  connection  with  Chimneys,  23,  98. 
Ventilation. — General  observations,  98. 

Fresh  Air  Outlets,  102. 

,,  Used  Air  Outlets,  106. 

,,  Exhaust  Cowls,  108. 

Ventilation  of  External  Traps,  42. 

,,  Outfall  Sewer,  55. 

Soil  Pipes,  55, 

,,  Urinals,  95. 

,,  Water  Closets,  57. 

,,  Water  Closet  Traps,  55,  57. 

Vertical  Steam  Engine,  162. 

W. 

Wallace  and  Connel's  Self-closing  Tap,  199. 

,,  ,,      Water  Waste  Preventing  Valve,  68. 

Waring,  Col.,  U.S;A.,  on  Sub-Irrigation,  37. 
Warner's  Anti-freezing  Suction  Hand  Pump,  169. 
,,       Lift  and  Force  Pump,  152,  171. 
„       Treble  Barrel  Pump,  173. 
Water. — Water  in  Relation  to  the  Dwelling,  112. 
Constituents  of  Normal  Water,  113. 
Of  Foreign  "Polluting  Matters,  113. 

Primary  Source  of  Supply — Yearly  and  Monthly  Rainfall,  114. 
Infiltration  of  Rain  by  Absorbent  Soils  in  Winter  and  Summer,  for 

the  maintenance    of    Rivers,   Springs,    and  Subterranean 

Supplies,  1 17. 
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Water  {continued). 

Quantity  or  proportion  of  Rainfall  evaporated  from  absorbent  or 

.non-absorbent  Soils,  and  so  lost  for  Supply  ii8 
Quantity  or  proportion  of  Rainfall  thrown  off  pervious  'or  impervious 

W.ter^  H      f '"'^  '"r^'^^'^^"'  if  Collected,  for'storage,  113.  ^ 
Waters  classified  according  to  source,  12D  b  .  J- 

mSLtet^leT^^^^^^  ""^^^  °'  ^'^"^"^ 

Suspicious  Waters,  123. 
Dangerous  Waters,  125. 

Quantity  required  for  Consumption  and  Use,  126. 
Hard  and  Soft  Water,  127. 

Axr  .     n?^  ^""^^^  Analysis,  133. 
Water  Closets,  57. 

Water  from  the  surfaces  and  from  the  under-drains  of  cultivated  Land.. 
Water  level  lowered  by  Under-drainage,  17  cultivated  Lands,  147. 

Water  Meters,  191. 
Water  Power,  157. 

Water  Waste  Preventers.  -Waste  Preventing  Valves  fixed  in  cisterns,  67. 
"       "       "  Separate  Waste  Preventing  Cisterns,  70. 

"       "       "  Waste  Preventers  and  Regulators  fixed  under  the 

Seats  of  Closets,  75. 

''       ",       "  Trapping  Box  for  securing  After-flush,  78. 

Water  Wheel,  159.  &  »  / 

Waters  classified  according  to  Hardness,  128. 

"  "  >'         the  results  of  Chemical  Analysis,  120. 

"  >)  >>         Source,  120. 

Watery  Vapour  in  Air,  2. 
Weatherley  Trap,  50. 
Weaver  Trap,  49. 
Weight  of  Air,  2. 

Well  Water,  Deep  Well  Water,  122. 

,,      Shallow  Well  Water,  126, 
Wells  of  various  kinds. — Deep  Wells,  136. 

Shallow  Wells,  142. 

Tube  Wells,  142. 
Wet  Soils  injurious  to  Health,  14. 
Wholesome  Waters,  121. 
Wind  Power,  155. 

Y. 

Yard  and  Road  Traps,  50. 
Yearly  and  Monthly  Rainfall,  114. 
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Bridges — Section  IX.  Coffer-dams,  Shoflng,  and  Strutting — Section  X.  Wooden  Bridges 
and  Viaducts — Section  XI.  Joints,  Straps,  and  other  Fastenings — Section  XII.  Timber. 

0^tr  Factories,  Workshops,  and  Warehottses :  their 

Sanitary  and  Fire- Resisting  Arrangements.  By  B.  H.  Thwaite,  Assoc. 
Mem,  Inst.  C.E.    With  183  7uood  engravings,  crown  8vo,  cloth,  gs. 

The  Electric  Light  in  its  Practical  Application.  By 

Paget  Higgs,  LL.D.,  D.Sc,  Telford  Prizeman,  and  Associate  Member 
of  the  Institution  of  Civil  Engineers.  With  94  illustrations,  240  pages. 
Demy  8vo,  cloth,  gj. 

Contents : 

Introductory— Lanips  or  Burners  Employing  the  Voltaic  Arc— Electric  "Candles"  and 
i^andle  Lamps-Lighting  by  Incandescence— Magneto  and  Dynamo-electric  Machines- 
Mechanical  Efficiency  of  Electric  Light  Machines-Simple  Mathematical  Considerations 
Concernmg  Electr^  Lighting--Electric  Regulators-Commercial  Aspect  of  Electric  Lighting 
^ifKricLigh^^^^^^^^  ^""^  Military. Aspects-Various  Applications  <ff 
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Progressive  Lessons  in  Applied  Sciejice,    By  Edward 

Sang,  F.R.S.E.    Crown  8vo,  cloth,  each  Part,  3j, 

„  ,P'*",,V. Geometry  on  Paper-Part  2.  Solidity,  Weight,  and  Pressure-Part  •»  Trieono- 
metry.  Vision,  and  Surveying  Instruments.  J^ari  3.  irigono 

-^4  Practical  Treatise  on  Coal  Mining.    By  George 

G.  Andrk,  F.G.S.,  Assoc.  Inst.  C.E.,  Member  of  the  Society  of  Engineers. 
With  «2  lithographic  plates.    2  vols.,  royal  4to,  cloth,  3/.  \2s. 

Contents  : 

I.  Practical  Geology— II  Coal,  its  Mode  of  Occurrence,  Composition,  and  Varieties— III. 
r^'',';   ,?^°''V??J~"jy-  Shaft-smking— V.  Driving  of  LevelS, or  Narrow  Work— VI.  Systems 
of  Workmg-yil.  Getting  the  Coal-VIII.  Haulage-ix!  Winding-X.  Drainage-XI 
Ventilation— XII.  Incidental  Operations— XIII.   Surface  Work— XIV.  Management  and 
Accounts— XV.  Characteristics  of  the  Coal  Fields  of  Great  Britain  and  America. 

The  Electric  Transmission  of  Power,  its  Present 

Position  and  Advantages.  By  Paget  Higgs,  LL.D.,  D.Sc,  Telford 
Prizeman,  and  Associate  Member  of  the  Institution  of  Civil  Engineers. 
With  numerous  illustrations.    Crown  8vo,  cloth,  ^s. 

Contents : 

Dynamo-electric  Machines— The  Gramme  Machine— The  Brush  Machine— The  Wallace- 
Farmer  and  Siemens  Machines— Efficiency  of  Dynamo-electric  Machines— Practicability  of 
the  Transmission  of  Power  by  Electricity— Efficiency  of  Coupled  Machines— Comparative 
Efficiency  of  Various  Machines— Other  Theoretical  Considerations— Conclusions. 

Spons'  Information  for  Colonial  Engineers.  Edited 

by  J.  T.  Hurst.    Demy  8vo,  sewed. 

No.  I,  Ceylon.   By  Abraham  Deane,  C.E.   2s.  6d. 

Contents  : 

Introductory  Remarks — Natural  Productions — Architecture  and  Engineering — Topo-' 
graphy.  Trade,  and  Natural  History — Principal  Stations — Weights  and  Measures,  etc.,  etc. 

No.  2.  Southern  Africa,  including  the  Cape  Colony,  Natal,  and  the 
Dutch  Republics.  By  Henry  Hall,  F.R.G.S.,  F.R.C.I.  With 
Map.    3^.  6d. 

Contents  : 

General  Description  of  South  Africa — Physical  Geography  with  reference  to  Engineering 
Operations — Notes  on  Labour  and  Material  in  Cape  Colony — Geological  Notes  on  Rock 
Formation  in  South  Africa — Engineering  Instruments  for  Use  in  South  Africa — Principal 
Public  Works  in  Cape  Colony:  Railways,  Mountain  Roads  and  Passes,  Harbour  Works,' 
Bridges,  Gas  Works,  Irrigation  and  Water  Supply,  Lighthouses,  Drainage  and  Sanitary 
Engineering,  Public  Buildings,  Mines — ^Table  of  Woods  in  South  Africa — Animals  used  for 
Draught  Purposes — Statistical  Notes — Table  of  Distances — Rates  of  Carriage,  etc. 

No.  3.  India.  By  F.  C.  Danvers,  Assoc.  Inst.  C.E.  With  Map.  4J-,  6d. 

Contents : 

Physical  Geography  of  India — Building  Materials — Roads — Railways — Bridges — Irriga- 
tion—  River  Works  —  Harbours  —  Lighthouse  Buildings  —  Native  Labour — The  Principal 
Trees  of  India— Money— Weights  and  Measures— Glossary  of  Indian  Terms,  etc. 
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A  Practical    Treatise  on  Casting  and  Founding, 

including  descriptions  of  the  modem  machinery  employed  in  the  art.  By 
N.  E.  Spretson,  Engineer.  Second  edition,  with  82  plates  drawn  to 
scale.    412  pp.,  demy  8vo,  cloth,  iSj. 

The  Clerk  of  Works:  a  Vade-Mecum  for  all  engaged 

in  the  Superintendence  of  Building  Operations.  By  G.  G.  HOSKINS, 
F.R.I.B.A.    Fcap.  Svo,  cloth,  \s.  6d. 

Tropical  Agriculture ;  or,  the  Culture,  Preparation, 

Commerce,  and  Consumption  of  the  Principal  Products  of  the  Vegetable 
Kingdom,  as  furnishing  Food,  Clothing,  Medicine,  etc.,  and  in  their 
relation  to  the  Arts  and  Manufactures ;  forming  a  practical  treatise  and 
Handbook  of  Reference  for  the  Colonist,  Manufacturer,  Merchant,  and 
Consumer,  on  the  Cultivation,  Preparation  for  Shipment,  and  Commercial 
Value,  etc.,  of  the  various  Substances  obtained  from  Trees  and  Plants 
entering  into  the  Husbandry  of  Tropical  and  Sub-Tropical  Regions.  By 
P.  L.  SiMMONDS.  Second  edition,  revised  and  improved,  515  pages, 
Svo,  cloth,  i/.  IJ-. 

Steely  its  History^  Mamtfacture,  and  Uses.  By 

J.  S.  Jeans,  Secretary  of  the  Iron  and  Steel  Institute.  860  pages  and 
2^  plates.    8vo,  cloth,  36J. 

Section  I.,  History  of  Steel  :  Chap.  i.  History  of  Steel — 2.  Early  History  in  England 
—3.  Progress  of  Invention — 4.  History  of  Bessemer  Process — 5.  Siemens-Martin  Process — 
6.  Other  Steel-making  Processes — 7.  Steel  in  America — 8.  Germany — 9.  France — 10.  Austria 
— ^^11.  Russia — 12.  Sweden — 13.  Other  Countries.  Section  II.,  Manufacture  of  Steel: 
Chap.  14.  Cementation  and  other  Methods — 15.  Manufacture  by  Bessemer  Process — 16. 
Siemens-Martin  Process — 17.  Other  Methods.  Section  III.,  Chemical  and  Physical 
Properties  of  Steel  :  Chap.  18.  Phosphorus  in  Steel — 19.  The  Use  of  Manganese — 20. 
Spiegeleisen — 21.  Sulphur  in  Steel — 22.  Silicon  in  Steel — 23.  Tensile  Strength  of  Steel — 24. 
Mechanical  Tests  of  Steel — 25.  Analysis  of  Steel.  Sectipn  IV.,  Uses  of  Steel  :  Chap.  26. 
Application  of  Steel  to  Railway  Purposes — 27.  To  Shipbuilding — 28.  To  Bridge  Building — 
29.  To  General  Purposes — 30.  Guns  and  Armour  Plates — 31.  Other  Purposes. 

The  Maintenance  of  Macadamised  Roads.    By  T. 

CODRINGTON,  M.I.C.E,  F.G.S.,  General  Superintendent  of  County  Roads 
for  South  Wales,  8vo,  cloth,  6^. 

Hydraulic  Steam  and  Hand  Poiver  Lifting  and 

Pressing  Machinery.  By  Frederick  Colyee,  M.  Inst.  C.E.,  M.  Inst.  M.E. 
With  'J  T,  plates,  Svo,  cloth,  i8j. 

A  Descriptive  Treatise  on  Mathematical  Drawhig 

Instruments:  their  construction,  uses,  qualities,  selection,  preservation, 
and  suggestions  for  improvements,  with  hints  upon  Drawing  and  Colour- 
ing. By  W.  F.  Stanley,  M.R.I.,  Mathematical  Instrument  Maker  to 
H.M. ^Government,  Science  and  Art  Department,  etc.,  etc  Fifth  edition, 
with  numerous  illustrations,  crown,  Svo,  cloth,  5^. 
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Girder  Making  and  the  Practice  of  Bridge  Btnldin^ 

^n  Wrousht  Iron,  illustrated  by  Examples  of  Bridges  pfers  and  GmC 
Work,  etc.,  constructed  at  the  Skprn^  ^rc.r.  w  i  ?^  '  ^  <-"rder 
Edward  Hutchinson  M  Inst  M  f  ^'^""^'^'-kS'  Darlington,  by 
cloth,  loj.  6r/.  '  35  demy  Syo, 

^^ZL?y^n'7f^,  'f^^P^'^ring,  Civil,  Mechanical, 

»per,or  n,a„„er.  half-moroccS,  top  edl/git  jtl.fe'...  ^ 

Seepage  15. 

^  7>^«/.V^  on  the  Origin,  Progress,  Preventiofz,  and 

wZf,  ^''"■^"i  ^^^^^  °n  the  Means  of  Prese^nJ 

r™X?Torr5lrs'^  Sea-Worms,  Beetles,  Ants,  etc.  °By  ThoT.a! 
ALLEN  i5RiTT0N,  late  Surveyor  to  the  Metropolitan  Board  of  Works 
etc.,  etc.    With  10  plates,  crown  8vo,  cloth,  ^s.^d.  ' 

Metrical  Tables.    By  G.  L.  Molesworth,  MICE 

32mo,  cloth,  xs.dd.  ,       .  .    .  . 

Contents. 

We?grt:i^!:TSad^^^^^^^  Measures-Measures  of  Capacity- 

A  Handbook  of  Electrical  Testing.     By  H  R 

SvS""'  °1       F?"''^^  °^  Telegraph  Engineers.    New  edition,' 

revised  and  enlarged,  loith  81  illustrations.    Crown  Svo,  cloth,  I2.r.  6a'. 

Simple  Hydraulic  Formulcs.     By  T.  W.  Stone, 

C.E  late  District  Engineer  for  Water  Supply,  Victoria.  Crown  Svo' 
cloth,  bs.  ' 

Electro -Telegraphy.     By  Frederick  S.  Beechey, 

Telegraph  Engineer,  a  Book  for  Beginners.  Ilhistrated.  Fcap.  Svo 
sewn  bd.  r  > 

Handraili7tg :  by  the  Square  Cut.    By  John  Jones, 

Staircase  Builder.   Fourth  edition.    With  sroen plates^  Svo,  cloth,.  3J.  f)d! 

Handrailing:  by  the  Sq^iare  Ctit.    By  John  Jones, 

Staircase  Builder.    Part  Second,  with  eight  plates,  Svo,  cloth,  ^s.  6d. 

The  Gas  Consumer  s  Handy  Book.    By  William 

Richards,  C.E.   Illustrated.    iSrao,  sewed, 
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A  Pocket-Book  of  Useful  Formitlce  and  Memoranda 

for  Civil  and  Mechanical  Engineers.  By  GuiLFORD  L,  MOLESWORTH, 
Mem.  Inst.  C.E.,  Consulting  Engineer  to  the  Government  of  India  for 
State  Railways.  With  numeroics  illustrations.  Twenty-first  edition, 
revised  and  enlarged,  32mo,  roan,  6s. 

Synopsis  of  Contents: 

Surveying,  Levelling,  etc. — Strength  and  Weight  of  Materials — Earthwork,  Brickwork, 
Masonry,  Arches,  etc. — Struts,  Columns,  Beams,  and  Trusses — Flooring,  Roofing,  and  Roof 
Trusses— Girders,  Bridges,  etc. — Railways  and  Roads — Hydraulic  Formulse — Canals,  Sewers, 
Waterworks,  Docks — Irrigation  and  Breakwaters — Gas,  Ventilation,  and  Warming — Heat, 
Light,  Colour,  and  Sound — Gravity :  Centres,  Forces,  and  Powers — Millvvork,  Teeth  of 
Wheels,  Shafting,  etc. — Workshop  Recipes — Sundry  Machinery — Animal  Power — Steam  and 
the  Steam  Engine — Water-power,  Water-wheels,  Turbines,  etc. — Wind  and  Windmills — 
Steam  Navigation,  Ship  Building,  Tonnage,  etc. — Gunnery,  Projectiles,  etc. — Weights, 
Measures,  and  Money — Trigonometry,  Conic  Sections,  and  Curves — Telegraphy — Mensura- 
tion— Tables  of  Areas  and  Circumference,  and  Arcs  of  Circles — Logarithms,  Square  and 
Cube  Roots,  Powers — Reciprocals,  etc. — Useful  Numbers — Differential  and  Integral  Calcu- 
lus— Algebraic  Signs — Telegraphic  Construction  and  Formulse. 

"Most  of  our  readers  are  already  acquainted  with  Molesworth's  Pocket-book,  and  not  a 
few,  we  imagine,  are  indebted  to  it  for  valuable  information,  or  for  refreshers  of  the  memory. 
The  book  has  been  re-arranged,  the  supplemental  formula  and  tables  added  since  the  first 
issue  having  now  been  incorporated  with  the  body  of  the  book  in  their  proper  positions,  the 
whole  making  a  handy  si2e  for  the  pocket.  Every  care  has  been  taken  to  ensure  correctness, 
both  clerically  and  typographically,  and  the  book  is  an  indispensable  vade-mecum  for  the 
mechanic  and  the  professional  man." — English  Mechanic. 

Spons    Pables    and  Memoranda  for  Engineers; 

selected  and  arranged  by  J.  T.  Hurst,  C.E.,  Author  of  'Architectural 
Surveyors'  Handbook,' '  Hurst's  Tredgold's  Carpentry,'  etc.  Fifth  edition, 
64mo,  roan,  gilt  edges,  \s.    Or  in  cloth  case,  \s.  6d. 

This  work  is  printed  in  a  pearl  type,  and  is  so  small,  measurbg  only  aj- in.  by  if  in.  By 
i  in.  thick,  that  it  may  be  easily  carried  in  the  waistcoat  pocket. 

"It  is  certainly  an  extremely  rare  thing  for  a  reviewer  to  be  called  upon  to  notice  a  volume 
measuring  but  2^  in.  by  if  in.,  yet  these  dimensions  faithfully  represent  the  size  of  the  handy 
httle  book  before  us.  The  volume — which  contains  ii8  printed  pages,  besides  a  few  blank 
pages  for  memoranda— is,  in  fact,  a  true  pocket-book,  adapted  for  being  carried  in  the  waist- 
coat pocket,  and  containing  a  far  greater  amount  and  variety  of  information  than  most  people 

would  imagine  could  be  compressed  into  so  small  a  space  The  little  volume  has  been 

conipiled  with  considerable  care  and  judgment,  and  we  can  cordially  recommend  it  to  our 
readers  as  a  useful  little  pocket  companion." — Efigineering. 

Analysis,  Technical  Valuation,  Puidfication  and  Use 

of  Coal  Gas.  By  the  Rev.  W.  R.  BowDiTCH,  M.A.  With  zvood  en^ravinos 
8vo,  cloth,  I2s.6d.  c        i>  > 

Condensation  of  Gas--Purification  of  Gas-Light— Measuring— Place  of  Testing  Gas- 
Test  Candles-The  Standard  for  Measuring  Gas-light— Test  Burners— Testing  Gas  for 
bulphur— Testing  Gas  for  Ammonia— Condensation  by  Bromine-Gravimetric  Method  of 
taking  Specific  Gravity  of  Gas-Carburetting  or  Naphthalizing  Gas— Acetylene— Explosions 
of  Gas— Gnawing  of  Gaspipes  by  Rats— Pressure  as  related  to  Public  Lighting,  etc. 

A  Practical  Treatise  on  Natural  and  Artificial 

Co7icrde,  its  Varieties  and  Constructive  Adaptations.    By  Henry  Reid 
Author  of  the  '  Science  and  Art  of  the  Manufacture  of  Portland  Cement ' 
New  Edition,  with  59  woodcuts  and  5  plates,  8vo,  cloth,  15J. 
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The  Gas  Analyst's  Manual.    By  F.  W.  Hartley 

Assoc  Inst.  C.E.,  etc.  With  numerous  illustrations.  Crown  8vo 
cloth,  oj.  ' 

The  French-  Polisher s  Manual     By  a  French- 

Polisher;  containing  Timber  Staining,  Washing,  Matching,  Improving 
Pamtmg,   Imitations,    Directions    for   Staining,    Sizing,  Embodying 
bmoothmg,  Spirit  Varnishing,  French-Polishing,  Directions  for  Re- 
polishing.    Third  edition,  royal  32mo,  sewed,  dd. 

Hops,  their  Cultivation,   Commerce,  and   Uses  in 

various  Countries.    By  P.  L.  Simmonds.    Crown  8vo,  cloth,  /jj,  (>d. 

A  Practical  Treatise  on  the  Manufacture  and  Distri- 
bution of  Coal  Gas.  By  William  Richards.  Demy  4to,  with  numerous 
wood  engravings  and  29  plates,  cloth,  28j. 

Synopsis  of  Contents  : 

Introduction— History  of  Gas  Lighting  —  Chemistry  of  Gas  Manufacture,  by  Lewis 
Thompsoii,  Esq.,  M.R.C.S.— Coal,  with  Analyses,  by  J.  Paterson,  Lewis  Thompson,  and 
O.  R.  Hislop,  Esqrs.— Retorts,  Iron  and  Clay— Retort  Setting— Hydraulic  Main- Con- 
densers—  Exhausters — Washers  and  Scrubbers  —  Purifiers  —  Purification  —  History  of  Gas 
Holder  — Tanks,  Brick  and  Stone,  Composite,  Concrete,  Cast-iron,  Compound  Annular 
Wrought-iron  —  Specifications  —  Gas  Holders  —  Station  Meter — Governor  —  Distribution- 
Mains — Gas  Mathematics,  or  Formulas  for  the  Distribution  of  Gas,  by  Lewis  Thompson,  Esq.— 
Services— Consumers'  Meters— Regulators— Burners— Fittings— Photometer— Carburization 
of  Gas— Air  Gas  and  Water  Gas— Composition  of  Coal  Gas,  by  Lewis  Thompson,  Esq.— 
Analyses  of  Gas — Influence  of  Atmospheric  Pressure  and  Temperature  on  Gas — Residual 
Products— Appendix — Description  of  Retort  Settings,  Buildings,  etc.,  etc. 

Practical  Geometry  and  Engineering  Drawing;  a 

Course  of  Descriptive  Geometry  adapted  to  the  Requirements  of  the 
Engineering  Draughtsman,  including  the  determination  of  cast  shadows 
and  Isometric  Projection,  each  chapter  being  followed  by  numerous 
examples ;  to  which  are  added  rules  for  Shading  Shade-lining,  etc., 
together  with  practical  instructions  as  to  the  Lining,  Colouring,  Printing, 
and  general  treatment  of  Engineering  Drawings,  with  a  chapter  on 
drawing  Instruments.  By  George  S.  Clarke,  Lieut.  R.E.,  Instructor 
in  Mechanical  Drawing,  Royal  Indian  Engineering  College.  20 plates, 
4to,  cloth,  1 5 J. 

The  Elements  of  Graphic  Statics.    By  Professor 

Karl  Von  Ott,  translated  from  the  German  by  G.  S.  Clarke,  Lieut. 
R.E.,  Instructor  in  Mechanical  Drawing,  Royal  Indian  Engineering 
College.    With  93  illustrations,  crown  8vo,  cloth,  <^s. 

See  page  2. 

A  Practical  Treatise  on  Heat,  as  applied  to  the 

Useful  Arts;  for  the  Use  of  Engineers,  Architects,  etc.    By  Thomas 
Box.    With  14 plates.    Third  edition,  crown  8vo,  cloth,  i2s.  6d. 
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The  New  Formula  for  Mean  Velocity  of  Discharge 

of  Rivers  ajtd  Canals.  By  W.  R.  Kutter,  translated  from  articles  in 
the  '  Cultur-Ingenieur.'  By  Lowis  D'A.  Jackson,  Assoc.  Inst.  C.E. 
8vo,  cloth,  I2s.  6d. 

Practical  Hydraulics  ;  a  Series  of  Rules  and  Tables 

for  the  use  of  Engineers,  etc.,  etc.  By  Thomas  Box.  Fifth  edition, 
numerous  plates,  post  8vo,  cloth,  5^. 

A  Practical  Treatise  on  the  Construction  of  Hori- 
zontal and  Vertical  Watcrwheels,  with  Ii  plates,  specially  designed  for 
the  use  of  operative  mechanics.  By  William  Cullen,  Millwright  and 
Engineer.  Second  edition,  revised  and  enlarged,  small  4to,  cloth,  12^,  6d. 

Aid  Book  to  Engineering  Enterprise  Abroad.  By 

EwiNG  Matheson,  M.  Inst.  C.E.  The  book  treats  of  Public  Works 
and  Engineering  Enterprises  in  their  inception  and  preliminary  arrange- 
ment ;  of  the  different  modes  in  which  money  is  provided  for  their 
accomplishment ;  and  of  the  econoniical  and  technical  considerations  by 
which  success  or  failure  is  determined.  The  information  necessary  to 
the  designs  of  Engineers  is  classified,  as  are  also  those  particulars  by 
which  Contractors  may  estimate  the  cost  of  works,  and  Capitalists  the 
probabilities  of  profit.    Illustrated,  2  vols.,  8vo,  \2s.  6d.  each. 

The  Essential  Elements  of  Practical  Mechanics ; 

based  on  the  Priitciple  of  Work,  designed  for  Engineering  Students.  By 
Oliver  Byrne,  formerly  Professor  of  Mathematics,  College  for  Civil 
Engineers.  Third  edition,  ivith  148  wood  engravings,  post  8vo,  cloth, 
"js.  6d. 

Contents : 

Chap.  I.  How  Work  is  Measured  by  a  Unit,  both  with  and  without  reference  to  a  Unit 
of  Time — Chap.  2.  The  Work  of  Living  Agents,  the  Influence  of  Friction,  and  introduces 
one  of  the  most  beautiful  Laws  of  Motion — Chap.  }.  The  principles  expounded  in  the  first  and 
second  chapters  are  applied  to  the  Motion  of  Bodies — Chap.  4.  The  Transmission  of  Work  by 
simple  Machines — Chap.  5.  Useful  Propositions  and  Rules. 

The  Practical  Millwright's  and  Engineers  Ready 

Reckoner;  or  Tables  for  finding  the  diameter  and  power  of  cog-wheels, 
diameter,  weight,  and  power  of  shafts,  diameter  and  sti-ength  of  bolts,  etc. 
By  Thomas  Dixon.    Fourth  edition,  i2mo,  cloth,  y. 

Breweries  and  Malting :  their  Arrangement,  Con- 
struction, Machinery,  and  Plant.  By  G.  Scamell,  F.R.I.,  B.A.  Second 
edition,  revised,  enlarged,  and  partly  rewritten.  By  F.  COLYER,  M.I.C.E., 
M.I.M.E.,  Toith  20  plates,  8vo,  cloth,  l8s. 

A  Practical  Treatise  on  the  Manufacture  of  Starch, 

Glucose,  Starch-Sugar,  and  Dextrine,  based  on  the  German  of  L.  Von 
Wagner,  Professor  in  the  Royal  Technical  School,  Buda  Pesth,  and  other 
authorities.  By  Julius  Frankel,  edited  by  Robert  Hutter,  proprietor 
of  the  Philadelphia  Starch  Works.  With  58  illustrations.  344  pp.,  8vo, 
cloth,  i8j. 


CATALOGUE  OF  SCIENTIFIC  BOOKS 


A  Practical  Treatise  on  Mill-gearing,  Wheels,  Shafts 

Riggers,  etc  ;  for  the  use  of  Engineers.  By  Thomas  Box.  Third 
edition,  witA  \i  plates.    Crown  8vo,  cloth,  7j.  dd. 

Mining  Machinery:  a  Descriptive  Treatise  on  the 

Machinery,  Tools,  and  other  Appliances  used  in  Mining.  By  G  G 
Andre,  F.G.S  Assoc.  Inst.  C.E.,  Mem.  of  the  Society  of  Engineers! 
Royal  4to,  uniform  with  the  Author's  Treatise  on  Coal  Mining,  con- 
taming  1^2  plates,  accurately  drawn  to  scale,  with  descriptive  text,  in 
2  vols.,  cloth,  3/.  i2s. 

Contents  : 

Triffm^ir7(°r  P''°?PI'='i"S'  Excavating,  Hauling,  and  Hoisting-Ventilatlon-Pumping- 

The  Pattern  Makers  Assistant ;  embracing  Lathe 

Work,  Branch  Work,  Core  Work,  Sweep  Work,  and  Practical  Gear 
Construction,  the  Preparation  and  Use  of  Tools,  together  with  a  large 
collection  of  Useful  and  Valuable  Tables.  By  Joshua  Rose,  M.E. 
With  250  ilbistrations.    Crown  Svo,  cloth,  loj.  (>d.  >     •  ' 

The  Science  and  Art  of  the  Manufacture  of  Portland 

Ceme7it,  with  observations  on  some  of  its  constructive  applications,  -with. 
66  illustrations.  By  Henry  Reid,  C.E.,  Author  of  'A  Practical 
Treatise  on  Concrete,'  etc.,  etc.    Svo,  cloth,  iSj. 

The  Draughtsman! s  Handbook  of  Plan  and  Map 

Drawing',  including  instructions  for  the  preparation  of  Engineering, 
Architectural,  and  Mechanical  Drawings.  With  numerous  illustrations 
in  the  text,  and  33  plates  (15  printed  in  colours).  By  G.  G.  Andre, 
F.G.S.,  Assoc.  Inst.  C.E.    4to,  cloth,  pj. 

Contents  : 

The  Drawing  Office  and  its  Furnishings— Geometrical  Problems— Lines,  Dots,  and  their 
Combinations — Colours,  Shading,  Lettering,  Bordering,  and  North  Points — Scales — Plotting 
—Civil  Engineers'  and  Surveyors'  Plans— Map  Drawing— Mechanical  and  Architectural 
Drawing — Copying  and  Reducing  Trigonometrical  Formulse,  etc.,  etc. 

The  Boiler-maker  s  andiron  Ship-builder  s  Companion, 

comprising  a  series  of  original  and  carefully  calculated  tables,  of  the 
utmost  utility  to  persons  interested  in  the  iron  trades.  By  James  Foden, 
author  of  '  Mechanical  Tables,'  etc.  Second  edition  revised,  with  illustra- 
tions.   Crown  Svo,  cloth,  5^. 

Rock  Blasting:  a  Practical  Treatise  on  the  means 

employed  in  Blasting  Rocks  for  Industrial  Purposes.  By  G.  G.  Andre, 
F.G.S.,  Assoc.  Inst.  C.E.  With  56  illustrations  and  12  plates,  Svo,  cloth, 
loj.  6d. 

Surcharged  and  different  Forms  of  Retaining  Walls. 

By  J.  S.  Tate.    Illustrated,  Svo,  sewed,  2s. 
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A  Treatise  on  Ropemaking  as  practised  in  public  and 

private  Rote-yards,  with  a  Description  of  the  Manufacture,  Rules,  Tables 
of  Weights,  etc.,  adapted  to  the  Trade,  Shipping,  Milling,  Railways 
Builders,  etc.    By  R.  Chapman,  formerly  foreman  to  Messrs.  Huddart 
and  Co.,  Limehouse,  and  late  Master  Ropemaker  to  H.M.  Dockyard, 
Deptford.    Second  edition,  i2mo,  cloth,  3j. 

Laxtons  Builders  and  Contractors  Tables ;  for  the 

use  of  Engineers,  Architects,  Surveyors,  Builders,  Land  Agents,  and 
others.  Bricklayer,  containing  22  tables,  with  nearly  30,000  calculations. 
4to,  cloth,  5j. 

Laxtons  Builders  and  Contractors  Tables.  Ex- 
cavator, Earth,  Land,  Water,  and  Gas,  containing  53  tables,  with  nearly 
24,000  calculations.    4to,  cloth,  5j. 

Sanitary  Engineering:  a  Guide  to  the  Construction 

of  Works  of  Sewerage  and  House  Drainage,  with  Tables  for  facilitating 
the  calculations  of  the  Engineer.  By  Baldwin  Latham,  C.E.,  M-  Inst. 
C.E.,  F.G.S.,  F.M.S.,  Past-President  of  the  Society  of  Engineers.  Second 
edition,  with  ntimerotis  plates  and  zvoodcuts,  8vo,  cloth,  l/.  XOs. 

Screw  Cutting  Tables  for  Engineers  and  Machinists, 

giving  the  values  of  the  different  trains  of  Wheels  required  to  produce 
Screws  of  any  pitch,  calculated  by  Lord  Lindsay,  M.P.,  F.R.S,,  F.R.A.S., 
etc.    Royal  8vo,  cloth,  oblong,  2j. 

Screw  CiUting  Tables,  for  the  use  of  Mechanical 

Engineers,  showing  the  proper  arrangement  of  Wheels  for  cutting  the 
Threads  of  Screws  of  any  required  pitch,  with  a  Table  for  making  the 
Universal  Gas-pipe  Threads  and  Taps,  By  W.  A.  MARTIN,  Engineer. 
Second  edition,  royal  8vo,  oblong,  cloth,  \s. 

A  Treatise  on  a  Practical  Method  of  Designing  Slide- 

Valve  Gears  by  Simple  Geornetrical  Construction,  based  upon  the  principles 
enunciated  in  Euclid's  Elements,  and  comprising  the  various  forms  of 
Plain  Slide- Valve  and  Expansion  Gearing  ;  together  with  Stephenson's, 
Gooch's,  and  Allan's  Link-Motions,  as  applied  either  to  reversing  or  to 
variable  expansion  combinations.  By  Edward  J.  Cowling  Welch, 
Memb.  Inst.  Mechanical  Engineers.    Crown  8vo,  cloth,  ds. 

Cleaning  and  Scouring :  a  Manual  for  Dyers,  Laun- 
dresses, and  for  Domestic  Use.   By  S.  Christopher.    iSmo,  sewed,  dd. 

A  Handbook  of  House  Sanitation  ;  for  the  use  of  all 

persons  seeking  a  Healthy  Home.  A  reprint  of  those  portions  of  Mr. 
Bailey-Denton's  Lectures  on  Sanitary  Engineering  given  before  the 
School  of  Military  Engineering,  which  related  to  the  "Dwelling," 
enlarged  and  revised  by  his  Son,  E.  F.  Bailey-Denton,  C.E.,  B.A. 
With  140  ilbistrations,  8vo,  cloth,  8j.  6d. 
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Treatise  on  Valve-Gears,  with  special  consideration 

^,  f  Link-Motions  of  Locomotive  Engines.  By  Dr.  GusTAV  Zeuner 
Third  edition,  revised  and  enlarged,  translated  from  the  German,  with  the 
special  permission  of  the  author,  by  Moritz  Muller.  Plates,  8vo. 
ciotn,  12s,  oa.  '  ' 

A  Pocket-Book  for  Boiler  Makers  and  Steam  Users 

comprising  a  variety  of  useful  information  for  Employer  and  Workman.' 
Government  Inspectors,  Board  of  Trade  Surveyors,  Engineers  in  charge 
of  Works  and  Slips,  Foremen  of  Manufactories,  and  the  ijeneral  Steam- 
usmg  Public.  By  Maurice  John  Sexton.  Second  Edition.  Royal 
32mo,  roan,  gilt  edges,  5j. 

The  Strains  upon  Bridge  Girders  and  Roof  Trusses, 

including  the  Warren,  Lattice,  Trellis,  Bowstring,  and' other  Forms  of 
Girders,  the  Curved  Roof,  and  Simple  and  Compound  Tnisses  By 
Thos.  Cargill,  C.E.B.A.T.,  CD.,  Assoc.  Inst.  C.E.,  Member  of  the 
Society  of  Engineers,  with  64  illustrations,  drawn  and  worked  out  to  scale, 
8v6,  cloth,  I2J.  (id. 

A  Practical  Treatise  on  the  Steam  Engine,  con- 
taining Plans  and  Arrangements  of  Details  for  Fixed  Steam  Engines, 
with  Essays  on  the  Principles  involved  in  Design  and  Construction.  By 
Arthur  Rigg,  Engineer,  Member  of  the  Society  of  Engineers  and  of 
the  Royal  Institution  of  Great  Britain.  Demy  4to,  copiously  illustrated 
with  woodcuts  and  96  plates,  in  one  Volume,  half-bound  morocco,  2/.  2s. ; 
or  cheaper  edition,  cloth,  25^. 

This  work  is  not,  in  any  sense,  an  elementary  treatise,  or  history  of  the  steam  engine,  but 
is  intended  to  describe  examples  of  Fixed  Steam  Engines  without  entering  into  the  wide 
domain  of  locomotive  or  marine  practice.  To  this  end  illustrations  will  be  given  of  the  most 
recent  arrangements  of  Horizontal,  Vertical,  Beam,  Pumping,  Winding,  Portable,  Semi- 
portable,  Corliss,  Allen,  Compound,  and  other  similar  Engines,  by  the  most  eminent  Firms  in 
Great  Britain  and  America.  _  The  laws  relating  to  the  action  and  precautions  to  be  observed 
in  the  construction  of  the  various  details,  such  as  Cylinders,  Pistons,  Piston-rods,  Connecting- 
rods,  Cross-heads,  Motion-blocks,  Eccentrics,  Simple,  Expansion,  Balanced,  and  Equilibrium 
Slide-valves,  and  Valve-gearing  will  be  minutely  dealt  with.  In  this  connection  will  be  found 
articles  upon  the  Velocity  of  Reciprocating  Parts  and  the  Mode  of  Applying  the  Indicator, 
Heat  and  Expansion  of  Steam  Governors,  and  the  like.  It  is  the  writer's  desire  to  draw 
illustrations  from  every  possible  source,  and  give  only  those  rules  that  present  practice  deems 
correct. 

Barlow's  Tables  of  Squares,  Cubes,  Square  Roots, 

Cube  Roots,  Reciprocals  of  all  Integer  Numbers  up  to  10,000.  Post  8vo, 
cloth,  6j. 

Camus  (M.)  Treatise- on  the  Teeth  of  Wheels,  demon- 
strating the  best  forms  which  can  be  given  to  them  for  the  purposes  of 
Machinery,  such  as  Mill-work  and  Clock-work,  and  the  art  of  finding 
their  niunbers,  translated  from  the  French,  with  details  of  the  present 
practice  of  Millwrights,  Engine  Makers,  and  other  Machinists.  By 
Isaac  Hawkins.    Third  edition,  ivith  18  plates,  Svo,  cloth,  5j. 
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A  Practical  Treatise  on  the  Science  of  Land  and 

Engineering  Surveying,  Levelling,  Estimating  Quantities,  etc  ,  with  a 
general  description  of  the  several  Instruments  required  for  Surveying, 
Levelling,  Plotting,  etc.  By  H.  S.  Merrett.  Third  edition,  plates 
with  Illustrations  and  Tables,  royal  8vo,  cloth,  12s.  bd. 

Principal  Contents  : 

Part  I.  Introduction  and  the  Principles  of  Geometry. _  Part  2  Land  Surveying;  com- 
prising  General  Observations-The  Chain-Oflfsets  Surveying  by  the  Chain  only-Surveying 
Hillv  Ground-To  Survey  an  Estate  or  Parish  by  the  Chain  only-Surveymg  with  the 
Theodolite-Mining  and  Town  Surveying-Railroad  Suryeying-Mapping-Division  and 
Laying  out  of  Land-Observations  on  Enclosures-Plane  Trigonometry.  Part  3.  Levelling- 
Simple  and  Compound  Levelling-The  Level  Book-Parliamentary  Plan  and  Section- 
Levelling  with 'a  Theodolite-Gradients-Wooden  Curves-To  Lay  out  a  Railway  .Curve- 
Setting  out  Widths.  Part  4.  Calculating  Quantities  generally  for  Estimates— Cuttmgs  and 
Embankments-Tunnels-Brickwork-Ironwork— Timber  Measuring.  Part  5-  Description 
and  Use  of  Instruments  in  Surveying  and  Plotting-The  Improved  Dumpy  Level— Troughton  s 
Level  — The  Prismatic  Compass  —  Proportional  Compass— Box  Sextant— Vernier— Panta- 
eraph— Merrett's  Improved  Quadrant— Improved  Computation  Scale— The  Diagonal  bcale— 
Straight  Edge  and  Sector.  Part  6.  Logarithms  of  Numbers  —  Logarithmic  Sines  and 
Co-Sines,  Tangents  and  Co-Tangents— Natural  Sines  and  Co- Sines— Tables  for  Earthwork, 
or  Setting  out  Curves,  and  for  various  Calculations,  etc.,  etc.,  etc. 

Saws:  the  History,  Develop7itent,  Action,  Classifica- 
tion, and  Comparison  of  Saws  of  all  kinds.  By  ROBERT  Grimshaw. 
With  220  illustrations,  4to  cloth,  \2s.  6d. 

A  Gtiide  for  the  Electric  Testing  of  Telegraph  Cables. 

By  Capt.  V.  Hoskicer,  Royal  Danish  Engineers.  With  ilhistrations. 
Second  edition,  crown  8vo,  cloth,  4?.  ^d. 

Laying  and  Repairing  Electric  Telegraph  Cables.  By 

Capt,  V.  Hoskicer,  Royal  Danish  Engineers.  Crown  8vo,  cloth, 
3J.  6d. 

A  Pocket-Book  of  Practical  Rtiles  for  the  Proportions 

of  Modern  Engines  and  Boilers  for  Land  and  Marine  purposes.  By  N.  P. 
Burgh.    Eighth  edition,  royal  32mo,  roan,  4r.  dd. 

Details  of  High-Pressure  Engine,  Beam  Engine,  Condensing,  Marine  Screw  Engines, 
Oscillating  Engines,  Valves,  etc..  Land  and  Marine  Boilers,  Proportions  of  Engines  produced 
by  the  Rules,  Proportions  of  Boilers,  etc. 

Table  of  Logarithms  of  the  Natural  Numbers,  from 

I  to  108,000.  By  Charles  Babbage,  Esq.,  M.A.  Stereotyped  edition, 
royal  8vo,  cloth,  7j.  bd.  * 

To  ensure  the  correctness  of  these  Tables  of  Logarithms,  they  were  compared  with  Callett's, 
Vega's,  Hutton's,  Briggs',  Gardiner's,  and  Taylor's  Tables  of  Logarithms,  and  carefully  read 
by  nine  different  readers  ;  and  further,  to  remove  any  possibility  of  an  error  remaining,  the 
stereotyped  sheets  were  hung  up  in  the  Hall  at  Cambridge  University,  and  a  reward  offered 
to  anyone  who  could  find  an  inaccuracy.  So  correct  are  these  Tables,  that  since  their  first 
issue  in  1827  no  error  has  been  discovered. 
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The  Steam  Engine  considered  as  a  Heat  Engine  •  a 

Treatise  on  the  Theory  of  the  Steam  Engine,  illustrated  by  DiaTramf 
Tables,  and  Examples  from  Practice.    By  Jas.  H  ?;tterillT  A  ' 
dot&T'^^'^^^^^^  """'^"'^^  ^^y^'  Nav^^'coflege: 

The  Practice  of  Hand  Turning  in  Wood,  Ivory,  SMI 

if  tl^  Pr^r'^^'^r^  for  Turning  such  Work  in  Metal  as  maybe  required 
Ovn        f  1       °-  I^OO'.  etc.,  also  an  Appendix  on 

Ornamental  Turnmg.  (A  book  for  beginners).  By  Franxis  Ca4pin 
Second  edition,  with  wood  engravings,  crown  8vo,  cloth,  6^ 

Contents : 

Health  and  Comfort  in  House  Buildino-,  or  Ventila- 

SJ.TrirfrTT^^''':^'^-^^?^^-^''"'^  P^^.r,  tith  Review  of  the 

mode  of  Calculating  the  Draught  in  Hot- Air  Flues,  and  with  some  actual 
Se?nT'r  2y  J-  I^avsDALE,  M.D.,  and  J.  W.  Hayward,  M.D. 
becond  edition,  with  Supplement,  with  plates,  demy  8vo,  cloth,  -js.  6d. 

Treatise  on  Watchwork,  Past  and  Present.    By  the 

f^^-  PluH  Nelthropp,  M.A.,  F.S.A.  With  32  illustrations,  cz<,^ 
8vo,  cloth,  6..  6d.  Contents  : 

Definitions  of  Words  and  Terms  used  in  Watchwork— Tools-Time— Historical  Sum- 

STe^'c^O?  ^-^Twf        ^r'^^^  (?f  Y'^^^'^  their  P;oportiond  SizS, 

,Tn  Th.  v'~  ?i  w*"^^'"'  °^  Motion  Work-Length  of  Time  of  Going  without  Winding 
W^Jf,.t  ^'^V  w  H°"^°'"t'~5^he  Duplex-The  Lever-The  Chronometer-Repeatinf 
S  Hn^;  Tf'l  ^''^n^TTi'^^-^^^r^'i'"'?.'  "  SP'"-=''  Spring-Compensation-Jewemngof 
and  Use  i  wl?ch  etr  Trade-Incapacity  of  Workmen-How  to  Choose 

Spoils  Engineers'  and  Contractors  Illustrated  Book 

of  Prices  of  Machines,  Tools,  Ironwork,  and  Contractors'  Material; 
and  Engineers''  Directory.    Third  edition,  4to,  cloth,  6j. 

Algebra  Self  Taught.     By  W.  P.  Higgs,  M.A., 

D.Sc,  LL.D.,  Assoc.  Inst  C.E.,  Author  of  '  A  Handbook  of  the  Differ- 
ential Calculus,'  etc.    Second  edition,  crown  Syo,  cloth,  2j.  6d. 

Contents : 

Symbols  and  the  Signs  of  Operation— The  Equation  and  the  Unknown  Quantity- 
Positive  and  Negative  Quantities— Multiplication— Involution— Exponents— Negative  Expo- 
nents— Roots,  and  the  Use  of  Exponents  as  Logarithms— Logarithms— Tables  of  Logarithms 
and  Proportionate  Parts  —  Transformation  of  System  of  Logarithms  —  Common  Uses  of 
Comnion  Logarithms- Compound  Multiplication  and  the  Binominal  Theorem— Division 
Fractions,  and  Ratio— Continued  Proportion— The  Series  and  the  Summation  of  the  Series- 
Limit  of  Series — Square  and  Cube  Roots— Equations— List  of  Formulae,  etc. 
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In  super-royal  8vo,  1168  pp.,  ■with  2400  illustrations ,  in  3  Divisions,  cloth,  price  13^.  (>d. 
each  ;  or  1  vol.,  cloth,  2I.  ;  or  half-morocco,  2/.  Si-. 

A  SUPPLEMENT 


TO 


SPONS'  DICTIONARY  OF  ENGINEERING, 

Edited  by  ERNEST  SPON,  Memb.  Soc.  Engineers. 

The  success  which  has  attended  the  pubhcation  of  '  Spons'  Dictionary  of 
Engineering'  has  encouraged  the  Publishers  to  use  every  effort  tending  to 
keep  the  work  up  to  the  standard  of  existing  professional  knowledge.  As  the 
Book  has  now  been  some  years  before  the  public  without  addition  or  revision, 
there  are  many  subjects  of  importance  which,  of  necessity,  are  either  not 
included  in  its  pages,  or  have  been  treated  somewhat  less  fully  than  their 
present  importance  demands.  With  the  object,  therefore,  of  remedying  these 
omissions,  this  Supplement  is  now  being  issued.  Each  subject  in  it  is  treated 
in  a  thoroughly  comprehensive  way  ;  but,  of  course,  without  repeating  the 
information  already  included  in  the  body  of  the  work. 
The  new  matter  comprises  articles  upon 


Abacus,  Counters,  Speed 
Indicators,  and  Slide 
Rule. 

Agricultural  Implements 
and  Machinery. 

Air  Compressors. 

Animal  Charcoal  Ma- 
chinery. 

Antimony. 

Axles  and  Axle-boxes. 
Earn  Machinery. 
Belts  and  Belting. 
Blasting.  Boilers. 
Brakes. 

Brick  Machinery. 
Bridges. 

Cages  for' Mines. 
Calculus,  Differential  and 

Integral. 
Canals. 
Carpentry. 
Cast  Iron. 

Cement,  Concrete, 
Limes,  and  Mortar. 

Chimney  Shafts. 

Coal    Cleansing  and 
Washing. 


Coal  Mining. 

Coal  Cutting  Machines. 

Coke  Ovens.  Copper. 

Docks.  Drainage. 

Dredging  Machinery. 

Dynamo  -  Electric  and 
Magneto-Electric  Ma- 
chines. 

Dynamometers. 

Electrical  Engineering, 
Telegraphy,  Electric 
Lighting  and  its  prac- 
ticaldetails.Telephones 

Engines,  Varieties  of. 

Explosives.  Fans. 

Founding,  Moulding  and 
the  practical  work  of 
the  Foundry. 

Gas,  Manufacture  of. 

Hammers,  Steam  and 
other  Power. 

Heat.    Horse  Power. 

Hydraulics. 

Hydro-geology. 

Indicators.  Iron. 

Lifts,  Hoists,  and  Eleva- 
tors. 


Lighthouses,  Buoys,  and 
Beacons. 

Machine  Tools. 

Materials  of  Construc- 
tion. 

Meters. 

Ores,  Machinery  and 
Processes  employed  to 
Dress. 

Piers. 

Pile  Driving. 
Pneumatic  Transmis- 
sion. 
Pumps. 
Pyrometers. 
Road  Locomotives. 
Rock  Drills. 
Rolling  Stock. 
Sanitary  Engiueering. 
Shafting. 
Steel. 

Steam  Navvy. 
Stone  Machinery. 
Tramways. 
Well  Sinking. 


NOW  COMPLETE. 

SPONS'  ENCYCLOPEDIA 


OF  THE 


INDUSTRIAL  ARTS,  MANUFACTURES,  AND  COMMERCIAL 

PRODUCTS. 


Among  the 
following  : — 

Acids,  207  pp.  220  figs. 
Alcohol,  23  pp.  16  figa. 
Alcoholic  Liquors,  13  pp. 
Alkalies,  89  pp.  78  figs. 
Alloys.  Alum. 
Asphalt.  Assaying. 
Beverages,  89  pp.  29  figs. 
Blacks. 

Bleaching  Powder,  15  pp. 
Bleaching,  5  r  pp.  48  figs. 
Candles,  18  pp.  9  figs. 
Carbon  Bisulphide. 
Celluloid,  9  pp. 
Cements.  Clay, 
Coal-tar  Products,  44  pp. 

14  figs. 
Cocoa,  8  pp. 
Coffee,  32  pp.  13, figs. 
Cork,  8  pp.  17  figs. 
Cotton  Manufactures,  62 

PP-  57  figs. 
Drugs,  38  pp. 
Dyeing      and  Calico 

Printing,  28  pp.  9  figs. 
Dyestuffs,  16  pp. 
Electro-Metallurgy,  13 

pp. 

Explosives,  22  pp.  33  figs. 
Feathers. 

Fibrous  Substances,  92 

pp.  79  figs. 
Floor-cloth,  16  pp.  21 

figs. 

Food  Presei-vation,  8  pp. 
Fruit,  8  pp. 
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